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Abstract
Transcriptional profiling ofJapanese flounder (Paratiehthys otivaeeus) kidney
      in response to Streptoeoeeus iniae and Edwardsielta tarda bacterin
      The Japanese fiounder (Paralichthys olivaceus) is one of the most important species
cultured in coastal area of Japan. Flounder farming has encountered various diseases which
cause oflosses in commercial culture for all life stage of fish production. Streptococcus iniae
and Edwardsiella tarda are bacterial agents known as causing Streptococcosis and
Edwardsiellosis in different fish worldwide. In Japan, bacterial diseases caused by those two
bacterium occur frequently in cultured Japanese flounder (Paralichthys olivaceus) especially
when the water temperature increasing. Formalin-inactivated vaccine is usable as a
prophylactic treatment against S. iniae infection. Anyway, there is no commerciai vaccine
available for E. tarda infection. To develop vaccine with achieved successfu1 protection, it is
important in understanding the fish immune mechanisms to explain vaccine-mediated
protectlon.
      In an attempt to understand the molecular mechanisms involved in activation of the
fish immune system upon vaccination, we have investigated the gene transcription profile of
Japanese flounder head kidney cells after intraperitoneal injection of Streptococcus iniae or
Edivardsiella tarda formalin-inactivated cells and a control group injected with PBS. Total
mRNA was extracted from the head kidney of 3 individual fish from vaccinated and non-
vaccinated groups, and the gene transcription was monitored at 3h, lday and 3 days post
injection. In overall, 343 (17.620/o) out of 1,946 genes were significantly induced in
expression throughout the sampling period. A large number of genes were induced in the E.
tarda bacterin group, but genes with higher expression levels were distinctively presented in
S. iniae-vaccinated group. Confirmation of differential expression of selected genes was
obtained using reverse transcriptase PCR. To assess the efficacy of above vaccines, the fish
were challenged one month post vaccination with two doses of the homologous strains used
for each vaccine preparation. The E. tarda-bacterin failed to protect Japanese fiounder fry,
while the S. iniae-bacterin protected the fish against the lethal challenge. Eight outstanding
up-regulated genes were detected only in S. iniae bacterin-vaccinated group, which are
possibly related to protection against S. iniae infection.
i
      Further more; to investigate genes related to pathogenic and immunogenic properties,
genomic DNA Iibraries ofS. iniae was constructed. A total of749 ORFs from 1,344 clones
obtained from plasmid and phagemid libraries were sequenced, identified and classified into
6 major categories: cellular and cell process (225 ORFs), intermediary of metabolisms (188
ORFs), information pathways (143 ORFs), and other functions (56 ORFs). The other 2
categories composed of genes with unlmown function including indeterminate function (1 1O
ORFs) and gene with no similarity to other genes deposited in database (27 ORFs). Deduced
amino acid sequence of 5 ORFs revealed similarities to cell surface protein of bacteria in
which might facilitate the vaccine development in the future.
ii
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Chapter 1
Generalintroduction
Introduction
1.1 Fish immunity
       The immune system is the host's defense against infectious organisms and
other invaders. Through a series of steps called immune response, the immune system
recognizes pathogens and acts to remove, immobilize or neutralize them, The immune
system relies on a network of several components that work together to protect the
body. The study of immunity in fish has received considerable attention since it
comprises many factors possessed by higher vertebrates. And the fact that the immune
responses of fish are highly-conserved phylogenetically and functionally related to
that of mammals, many studies aim to take advantages of them as an alternative
model for mammals for predicting human health. Furthermore, it is interesting for
aquaculture industry which searching for approaches to make the aquaculture
operation more sustainable. The understanding of immune mechanisms is an essential
issue for disease prevention strategies such as the development of fish vaccination,
genetic improvement with regard to resistance to infection and identification of genes
suitable for transgenesis. It is therefore ofinterest to study fish defense mechanisms.
      1.1.1 Lymphoid organs of teleost
      Fish is different from those ofmammals, they Iack bone marrow, lymph nodes
and Peyer's patches which are important organs of the immune system found in
human. It has been considered that major lymphoid organs of teleost are thymus,
kidney and spleen. In additional ofthe three organs, fish also have mucosal associated
lymphoid tissue as a minor lymphoid organ (Zapata et al. , 1996a).
      With the exception of some species (O'Neill, 1989), in general the thymus is
the first organ to become lymphoid, although earlier the kidney can contain
haematopoietic precursors but not lymphocytes. In freshwater teleosts, spleen is the
last organ to acquire that condition (Zapata et al. , 2Q06). The thymus is considered a
key organ of the immune system in vertebrates. The major function of the thymus in
higher vertebrates such as mammals, is responsible for the procurement of T-
lymphocytes to the entire body and provide the appropriate microenvironment in
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which T-cell precursors (thymocytes) can deveiop, proliferate, mature, generate their
antigen receptor repertoire and leave the thymus to enter the pool of re-circulating
lymphocytes which help to protect the animal against invading pathogens (Ribatti,
2006). The thymus in fishes originates from early endodermal and ectodermal
pharyngeal tissues. It is located subcutaneously in the dorsal commissure of the
operculum. It is well documented that the thymus of teleost fish, similar to those of
higher vertebrates, is the main source immunocompetent T cells and that it has an
important role in the immune system. Formation and cellular composition in fish
thymus from many fish species have been studied. Major cell type found in thymus is
lymphocytes in various stages of development. Granulocytes and other cell
components such as cystic cells macrophages and plasma cells were also found (Xie
et al. , 2006).
      In fish, kidney is also an extremely important immune organ. Teleost kidney
consists of two distinct regions: anterior (head) kidney and posterior (trunk) kidney.
The head kidney contains haematopoietic, lymphoid, and endocrine tissue. The
posterior kidney is composed of nephrons surrounded by haematopoietic and
lymphoid tissue dispersed throughout the organ. Both region exhibit haematopoietic
capacity but it is greater in the head kidney in which renal function has disappeared
(Zapata et al. , 1996b). Head kidney of fish is considered as bone marrow equivalent
organ, the ultrastructural and cytochemical features of the reticulo-endothelial stroma
of fish are similar to those ofmammalian bone marrow (Meseguer et al., 1995). One
difference aspect is that it having a highly active reticulo-endothelial and antibody
producing cell component, thus the functional similar to the lymph nodes ofmammals.
Lymphoid cells of all development stages are present within the haemopoietic tissue.
A study using flow cytometric analysis with a monoclonal antibody against flounder
immunoglobulin M, reported the existence ofsurface immunoglobulin-positive which
is a property ofB-cells, in both anterior and posterior kidney of Japanese fiounder (P.
olivaceus). In addition, plasma cells, differentiated by dimly stained surface and
strongly stained cytoplasm, were detected in the anterior part which is considered that
the differentiation of B cells to plasma cells also occurs in the kidney (Tokuda et al. ,
2000).
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      Spleen is a secondary lymphoid organ of fish. Teleost spleen is not well
separated between red and white pulp as in higher vertebrates. Generally it forms a
cuff oftissue surrounding the ellipsoid system and the associated melanomacrophage
center (MMC). The cytology of this organ is much more heterogeneous than that of
the thymus. There exist very rich in macrophage and also contain neutrophil and
eosinophil granulocytes thus it is a major site of phagocytosis of particulated matter
and erythrocyte destruction, as well as ofhemopoietic activity (Fishelson, 2006).
      Mucosal associated lymphoid tissue (MALT) in fish includes skin, gills and
gut-associated lymphoid tissue (GALT). Teleosts lack well structurai organized
GALT such as the Peyer's patches of mammals, anyway the gut consists of leukocyte
populations in both intraepithelial and in the lamina propria (Salinas et al. , 2007).
1.1.2 Innate immunity
     All animals possess a primitive system of defense against the pathogens, called
innate (or natural) immunity. The innate immunity includes one part called humoral
innate immunity which involves a variety of substances found in the humors, or body
fluids. These substances interfere with the growth of pathogens or clump them
together so that they can eliminated from the body. The other part called cellular
innate immunity, is carried out by cells and mechanisms that defend the host from
infection by other organisms. Innate immunity also includes the external barriers of
the body, namely skin scale and mucous membrane, which are the first Iine of defense
in preventing diseases from entering the body. This system is a nonspecific manner,
does not discriminate fine differences amongst the antigen groups.
     The first line of defense against invading pathogen in fish comprises of scales,
mucus, gills and epidermis. Mucus layer is the primary physical barrier between the
fish and its external environment. It is produced by goblet cells which are abundant on
epidermal surfaces and particularly on gill surfaces. The basic but important role of
the mucus is efficient trapping infectious agents that have adhered to the body surface.
In addition, fish mucus is known to acts as a vehicle for biologically active peptides
and proteins which function as a part of the general immune system. The presence of
many anti-pathogenic factors such as trypsin, immunoglobulin (Hamuro et al., 2007),
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complements, agglutinins and lysins (Tsutsui et al., 2003) has been documented.
Scale and epidermis function as a second physical barrier which protects the fish. The
epithelial surface of skin is impemieable to most infectious agents. Damage to scales
and skin of the fish can increase the susceptibility to infection.
      Cellular irmate immunity of fish comprise ofleukocyte populations as well as
those found in higher vertebrates. Fish phagocytes (macrophage and neutrophils)
possess biological basis of their kiliing mechanism sirnilar to those in mammals.
Macrophages act as surveillance cells of host tissue for foreign invaders. Invasive
                                                'organisms are rapidly phagocytosed by macrophages, destroyed by Iysosomal
enzymes released into the phagosome. Unlike macrophage, neutrophils are actively
engulfing foreign particles and releasing degradative enzymes, antimicrobial
molecules, and toxic metabolites at the site of infection. Both macrophage and
neutrophil can be induced by cytokines to synthesize a number of highly toxic
molecules to battle against pathogens such as reactive oxygen species (ROS)
(Neumann et al., 2001). In addition, fish have natural killer-like cells referred to as
nonspecific cytotoxic cells (NCC) (Evans et al., 1992). Potential of NCC against
protozoan parasite infestions and immunosurveillance against the outbreak of tumor
growth have been documented. With the resemblance of the functions but different in
morphology, NCC is still unclear in classification (Yoder, 2004). Additionally, innate
cell components also include those cells that release inflammatory mediators such as
mast cells and also eosinophils (Mulero et al. , 2007).
     The innate immune system recognize and differentiate `non-self antigen by
pattem recognition receptors (PRRs) that recognize and bind conserved pathogen-
associated molecular pattern (PAMPs) such as lipopolysaccharide (LPS),
peptidoglycans (PGN), bacterial DNA which are absent in eukaryotic cells but shared
by various pathogenic microorganisms (Sepulcre et al., 2007, Iliev et al., 2005).
Recognition of these structures induces signals that result in activation of
proinflammatory cytokines and varieties of antimicrobial substances production.
Several types of protein domains have been found to. be involved in PRRs namely; C-
type lectin domain, scavenger receptor cystein-rich domain and leucine-rich repeat
(LRR) domain (Medzhitov and Janeway, 2000).
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      Among the most important families of PRRs are the Toll-like receptor (TLR)
families. TLR is a transmembrane receptor. Whereas the extracellular domain
contains of leucine-rich repeats, the intracellular tail of the receptor was shown to
display a striking homology with the intracellular domain ofthe interleukin-1 receptor
(IL-IR) type I, being designated as the TollllL-IR (TIR) domain (Netea et al. , 2004).
The first teleost homologue of TLR family reported in goldfish macrophage activated
with LPS and bacterial whole cells (Stafford and Belosevic, 2003). Subsequently,
varieties of TLR receptors have been identified in bony fish (TLR-2, 3, 5, 9, 20, 21,
22) (Hirono et al., 2004, Rodriguez et al., 2005, Tsukada et aL, 2005, Takano et al.,
2007, Baoprasertkul et al. , 2007).
      Humoral innate immunity comprise of secretory molecule which act non-
specific against infection. Numerous irmate humoral factors are secreted by cells or
tissues including non-specific complement system, transferrin, cytokines3,
inflammatory mediators and acute phase proteins. Phagocyte response is followed by
secretion of a number of pro-inflammatory cytokines that have pleiotropic effect such
as IL-lB and TNF-ct.
Cytokines
      Cytokines are a group of soluble proteins and peptides secreted by cells of
innate and adaptive immunity. Their functions are related in signaling transduction
that allow for communication between cells and the external environment including
induction of infiammatory responses, regulation of haematopoiesis, control of cellular
proliferation and differentiation and induction of wound healing. Cytokines initiate
their actions by binding to specific cell-surface receptors on target cells. The cytokine
network is very complex and many ofdetails. The cytokine system demonstrates great
redundancy because most functions of cytokines can be performed by many different
cytokines. Their actions are pleiotropic because a single cytokine has many different
functional effects. Cytokines and their receptors exhibit very high affinity for each
other that picomolar concentrations of cytokines can mediate a biological effect.
Cytokines may bind to receptor on the membrane of-the cell that secreted it (autocrine
activity) or bind to a target cell in close proximity to the producer cell (paracrine
activity) or act on a target cells in distant parts ofthe body (endocrine activity).
-6-
Chemokine
Chemokine is a superfamily of cytokines which their function is specific for
regulating cell migration. Function of chemokine can be divided into 2 main
categories. Some are homeostatic and are produced and secreted constitutively, which
related to lymphocyte trafficking, immune surveillance and localization of
lymphocytes with antigen in the lymphatic system. Another function is involved with
migration of immune cells during infection or following a pro-inflammatory stimulus
(Laing and Secombes, 2004). Recently a number of chemokines from many teleost
fish species have been characterized for example from Japanese flounder (Kim et al.,
2007), channel catfish (Bao et al., 2006), catfish (Baoprasertkul et al., 2005), carp
(Fujiki et al., 1999). Although, functional characterization of the chemokines from
fish investigated so far are related to small number, their characteristic structure
(containing four conserved cysteine residues) are shared with those in higher
vertebrates (Lally et al. , 2003).
Pro-inLfZanematory cytokine
Inflammatory, a part of the immune response can be induced through production of
pro-inflammatory cytokines. The mammalian iRterleukins (IL)-IB and IL-8 are
classical pro-inflammatory cytokines often used as markers of an activated
inflammatory response, while IL-10 is considered as an anti-inflammatory cytokine
and plays an important role in the regulation of inflammatory. The mimicking
evidences of pro-infiammatory cytokines expression in teleosts have been
documented. Exposure of infectious pancreatic necrosis virus (IPNV) or
lipopolysaccharide (LPS) in Atlantic cod (Gadus morhua L.), show significantly
stimulated expression of IL-1P (Seppola et al. , 2008). In 32h-old zebrafish embryos,
exposure to LPS by immersion, showed the induced gene expression of IL-16 and
tumor necrosis'
 factor-ct (TNF-ct) (Watzke et al., 2007). In addition to virus or
bacterial infection, infection with the parasites also shows those ofpro-inflammatory
cytokines, including IL-8 induction (Sigh et al., 2004). In rainbow trout, CC
chemokines (CK5A, CK5B, CK6, CK7A and CK7B) were induced by IL-8 (Sanchez
et al. , 2007).
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Complement system
The complement systems of fish are well developed and play an important role in the
innate immune response. The complement systems operate by three different
pathway: the alternative, lectin and classical. Activation of the complement system
leads to the generation of a group of molecules called anaphylatoxins which play a
major role in inflammatory. The complement pathways lead to respiratory burst,
phagocytosis, cytolysis and chemotaxis functions. Complement C3 which is the
central protein of all three activation pathways and is the major opsonin of the
complement system, express in early life age in teleost. In carp, expression of
complement C3 can be detected since about 12 hpf, which is relatively long period
before hatching (Huttenhuis et al. , 2006).
Acute phase response
Several kind of macromolecules in host body fluid altered levels in reaction to
pathogen invading or tissue injury. One aspect of the change, called acute phase
response, is the increase in synthesis and secretion of a number of proteins called
acute phase protein (APP) in plasma. These APP function in a variety of defense-
related activities such as limiting the spread of infectious agents, repairing of tissue
damage, inactivation of proteases, killing of potential pathogens, and restoration of
the healthy state. Some APPs are directly harmfuI to microbes, while others modify
targets thus marking them for cell responses (Bayne and Gerwick, 2001). In zebrafish,
upon Aeromonas salmonicida and Staphylococcus aureus infection, proteins such as
serum amyloid A (SAA), hepcidin and haptoglobin were induced (Lin et al., 2007).
C-reactive protein from rainbow trout were reported to reacts with Cx-polysaccharide
of Streptococcus pnuemoniae (Winkelhake and Chang, 1982). The binding of C-type
lectin to different carbohydrates leads to opsonisation, phagocytosis and activation of
the complement system. Lytic enzyme such as lysozyme acts as an immunity
molecule against the invasion ofbacterial pathogens. Zheng et al. (2007) reported the
quick induction of goose-type lysozyme in yellow croaker (Pseudosciana crocea)
upon stimulation with trivalent bacterial vaccine.
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       1.1.3 Adaptiveimmunity
      Adaptive immunity refers to antigen-specific immune response. The adaptive
immune response is more complex than the innate. The antigen first must be
processed and recognized. Once an antigen has beeR recognized, the adaptive immune
system strongly reacts with immune cells specifically produce to attack those antigens,
This system also possesses of an `immune memory' that makes subsequent responses
against a specific antigen more effective. Only vertebrates have the additional
adaptive immunity and more sophisticated system of defense mechanisms. Similar to
innate immunity, the adaptive immunity also compose of humoral immunity and cell-
mediated immunity. Humoral immunity in adaptive system refers to the production of
secreted antibody molecules in response to an antigen and is mediated by B-
lymphocytes. In the other hand, cell-mediated immunity involves in response to an
antigen and is mediated by T-lymphocytes.
      One aspect to initiate the adaptive immunity, it needs an interaction between
T-cell and MHC receptor. The surface T-cell receptor (TR) is a fundamental mediator
of this second immune system. It is well known that the presentation of a peptide to
the appropriated receptor on a T-cell by the major histocompatibility complex I or II
(MHC), initiate activation. (Dixon and Stet, 2001). But not all of the activation•used
in generating B-cell immunity. Two classes of TR have been reported in higher
vertebrates. One class is odP-TR, has been well characterized in variety of fish species
while another TR class, y/6-TR has been identified in Japanese flounder (Partula et al. ,
1995, Wermenstam and Pilstrom, 2001, Nam et al., 2003).
      B-cells are an important component of adaptive immunity. They produce and
secrete different antibody molecules, each of which recognizes a different antigen.
Teleost B-cells, different from higher vertebrates, are generated and develop at the
kidney. The development of B-cell in teleost has been hypothesized using trout
kidney as a study model. In this model, researchers suggested that B-cell precursors
develop in the 'anterior side of the kidney, whereas mature B-cells migrate to the
posterior kidney or the blood. The activation of the B-cell occurs in both posterior
kidney and spleen, where plasmoblasts formed and differentiate into plasma cells
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(Zwollo et al., 2005). Teleost B-cell induction has been referred to helper cells, such
as macrophages, which provide IL-1. This triggers a responsive state for antigen-
specific B-cells. Study in Onchorhynchus mykiss found that B-cells from teleost fish
have potent phagocytic activities. These B-cells are also able to activate the
degradation pathways by forming phagolysosome and intracellular killing of ingested
microbes (Li et al. , 2006). The membrane bound, generated by an alternative splicing
ofthe C exons, is exposed on the cell surface ofB lymphocytes. The resulting antigen
receptor complex (BCR) is able to transduce the signal of the antigen-binding site
occupancy when translocated into specific microdomains of the cell membrane. The
teleost membrane-bound form is produced by a primary transcript processing which
differ from the typical vertebrate one by excluding the entire CH4 exon.
      Although teleost fish are able to mount a specific immune response, some
differences to higher vertebrates are present. The differences between mammalian
system and fish system are that the secondary response in fish is relatively minor and
IgG is not present. In teleosts, beside the mainly IgM and IgD which have described
(Watts et al. , 2001), recently some other Ig classess differ from those in mammalian
have also been discovered which will be discussed in the following paragraphs.
      1.1.4 immunoglobulin
      Immunoglobulins (Ig) is a protein produced by plasma cells and lymphocytes.
The basic structure consists of four polypeptide chains: two heavy (IgH ) and two
Iight (IgL) chains covalently linked by disulphide bridges. The molecule is present in
two forms: secreated and membrane-bound. The IgH genes are in the translocon
configuration, whereas those ofIgL are in the cluster configuration. The teleost IgH is
slightly shorter than that of mammals. The position of invariant cysteine and
tryptophan residues is conserved. But the number and distribution of extra cyteines,
involved in inter-IgH chain and inter-subunit linkages, varies within the teleost group.
IgH contains a higher proportion ofcarbohydrates than that ofmammals.
      Fish possess the ability to produce antibody response to most antigens and the
antibody production tends to be greater when higher antigen doses are used (Anderson
et al., 1979). However, a significant antibody response to an antigen does not always
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correlate with protection. Conversely, protection can be achieved without a significant
antibody response.
      Immunoglobulin M (IgM) is an important immunoglobulin class. It is the first
immunoglobulin to appear in evolution and commonly the well characterized
immunoglobulin class in fish. IgM forms pentameric in higher vertebrate and
cartilaginous fish, tetrameric in teleosts (Kaattari et al., 1998, Rathore et al., 2006),
and hexameric as well as pentameric has also been found in mice. Uncommon
monomeric forrn has been described in some species such as rainbow trout (EIcombe
et al., 1985). Teleost fish produce IgM as natural antibodies (Nabs) in different levels
depend on age, and their habitats (Kachamakova et al., 2006).
      Pattern of IgM gene organization is resemble among teleosts. The constant
heavy chain, comprising four region domains (CHi-CH2-CH3-CH4), contains each
three conserved cysteine residues which are considered to form the inter-and intra-
chain disulfide bridges (Cheng et al. , 2006). The socalled J-chain, which is associated
with the polymerization of marnmalian IgM, is commonly absent from fish IgM
(Kobayashi et al., 1982). However, it has found in a few fish species namely catfish
and rainbow trout (Weinheimer et al. , 1971, Magnadottir, 1998).
      IgD is expressed as a membrane-bound on B cells of mammals and mouse.
Since last decade, a complex chimeric Ig heavy chain, homologous to the heavy chain
delta of IgD was firstly found in channel catfish (Wilson et al. , 1997). Later IgD have
been characterized from many fish species for example; cod (Gadus morhua L.)
(Stenvik and Jorgensen, 2000). Teleost IgD, similar to that ofmammal, is not secreted
in serum but expressed on B-cells (Choi et al., 2007). IgD gene is preferentially
expressed in presumptive lymphoid tissues and distribute throughout the spleen and
head kidney, which is similar to that ofIgM (Saha et al. , 2004).
      In addition to two immunoglobulin heavy-classes p (IgM) and 6 (IgD),
recently immunoglobulin heavy-chain g (Ighz), has been identified from zebrafish and
other teleosts (Savan et al., 2005). In zebrafish heavy-chain locus, variable (V) gene
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segments lie upstream of two tandem diversity, joining and constant (DJC) clusters,
resembling the mouse T cell receptor ct (Tcra) and 6 (Tcrd) (Danilova et al. , 2005).
      The same year of IgZ discovered in zebrafish, another immunoglobulin heavy-
class has been discovered from rainbow trout (O. mykiss) cDNA libraries. This new Ig
isotype is composed of a typical IgH Ieader sequence and a VDJ rearranged segment
followed by four Ig superfamily C-1 domains represented as either membrane-bound
or secretory versions. This isotype, according to phylogenetic analysis, is
hypothesized to be restricted to bony fish and named as `IgT' for teleost fish (Hansen
et al. , 2005).
12 Japanese flounder
12.1 Culture
      Japanese flounder (Paralichthys olivaceus) are in the order Pleuronectiformes,
family Bothidae and the genus Paralichthys. Japanese fiounders have been cultured in
coastal areas of Japan since middle 1970s. Since then, farming has been rapidly
developing and becoming more important in Japan. It is the fourth major marine
species cultured after yellowtail, red sea bream, and coho salmon (Kikuchi'and
Takeda, 2001). Hatchery-reared juvenile have been produced to facilitate aquaculture
and to serve for natural stock enhancement. In extensive farming, the fish have been
prevalently cultured in land-based culture tanks with flowing water pumped from the
sea, discharge feces ofrearing fish and leftovers directly to the sea. Because of some
concerns over pollution from the extensive system, close circulation systems were
then developed to be alternative operation (Honda et al., 1993). Favorable growth
conditions of Japanese flounder require temperature of 20-250C (Yarnashita et al.,
2001), salinity range of4.4 to 34 ppt are no negative affect. Market size of 500- 1OOO
g. are reached in 1-2 years with survival rate ranges from 60-800/o The fry are
obtained by artificial fertilization. In general, the flounders are fed on chopped fresh
or frozen trash fish or dry commercial pellets (Kikuchi and Takeda, 2001).
-12-
1.3 Streptococeus iniae
          Streptococcosis is a term called bacterial disease related to streptococcal
infection. Streptococci, the causative agents, are gram positive bacteria in genus
Streptococcus assigned to the family Streptococcaceae. They often occur in pairs or
chains, especially in fluids. The bacteria are cytochrome-, oxidase-, and catalase-
negative. They are non-motile, non-spore forming and homofermentative. The name
`Streptococcus' is derived from the Greek and means `chain of grapes' There are
many reports from all around the world describing streptococcal infection in wild
range of hosts, including human, horses, pigs, cows, avian and also fish. (Vincent,
2005) (Baums, 2007; Chadfield, 2006; Halaby et al, 2004; Weinstein, 1997; Tikofsky
& Zadoks, 2005).
         At the present, the major species of Gram•-positive cocci involved in fish
streptococcosis, are reported at least six different genera and species. These are
StreLptococcus iniae, S. dysgalactiae, S. difficile, Lactococcus garvieae, L. piscium
and Vagococcus salmoninarum (Bercovier et al., 1997) (Nomoto, 2004). All ofthese
species are capable ofsimilar disease causation.
      1.3.1 Identification
      Member of the genus Streptococcus cannot be identified by most commercial
bacterial identification system (Roach et al., 2006). Therefore identifications are
based on two major methods using hemolytic activity and serological classification of
Lancefield. Many bacterial species, including streptococci are able to produce
cytolysin which can damage to host cell membrane. This feature has been used to
distinguish phenotypes of S. iniae. Similar to Streptococcus group A (GAS) and B
(GBS), S. iniae cytolysin produce the zone of hemolysis type B surrounding colonies
cultured on blood agar (Fig 1) ovizet, 2002).
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Fig.1 Streptococcus iniae strain no.2
show 6-hemolytic activity, as clear zone
surrounding their colony, on blood agar
(50/o rabbit red blood cell in Lubria agar).
      In case of classification based on Lancefield protein antigens in the cell wall
that unique to certain organisms developed by Rebecca Lancefield (Group A through
Group M), S. iniae does not possess these proteins and is not classified in one ofthe
Lancefield groups (Goh et al. , 1998).
      Molecular techniques have been developed for identification as an alternative
to culture based identification. Sequencing of many gene fragments has been propose
to be method for identification ofstreptococcus strains including sodA gene encoding
a manganes-dependent enzyme (Poyart et al., 1998), intergenic space between 16s
and 23s ribosomal DNA (Benidge et al., 1998), 16sRNA gene (Lau et al., 2003),
lactate oxidase (IctO) gene (Mata et al. , 2004) and hybridization of the chaperonin 60
gene (Goh et al. , 1998).
      Two distinct serotypes (I and II) of S. iniae have been reported based on
differences of some biochemical profiles and reaction with rainbow trout antibodies.
S. iniae serotype I, is arginine dihydrolase positive (AD+ve). Most earlier isolates fall
into this serotype. Another serotype, called Serotype II is AD-negative (AD-ve).
Antisera to Serotype I did not agglutinate Serotype II, but some cross-reactivity was
observed in the opposite direction (Bachrach et al., 2001, Zlotkin et al., 1998). These
serotypes can also be distinguished using the rapid amplified polymoxphic DNA
(RAPD) technique (Kvitt and Colomi, 2004).
      In Japan, selective agar has been developed for the isolation of S. iniae from
Japanese flounder. The selective agars were heart infusion agar supplemented with
thallium acetate and oxlinic acid (TAOA), and colistin sulphate and oxolinic acid
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(CSOA). Defibrinated horse blood was suggested to be special additive for
efficiency in distinguish beta-hemolytic activities (Nguyen and Kanai, 1999).
more
1.3.2 Disease Distribution
      Fish streptococcosis has caused significantly mortalities in both freshwater
and marine fish. In 1957, Streptococcal disease in fish was initially reported from
rainbow trout farm in Japan (Hoshima et al., 1958). Since then, many reports have
been indicated streptococcal infection from varieties of fish species. During this time,
new species of streptococci were identified. The new species was isolated from the
captive freshwater Amazon dolphin (Inia geoffrensis) in San Francisco. The dolphin
was identified to be sick of `golf ball disease', a disorder characterized by multiple
subcutaneous abscesses. Thus, causative bacterial agent was named Streptococcus
iniae (Pier and Madin, 1976). Since then S. iniae has been reported associated with
outbreaks of disease in several fish species of farmed fresh water and marine fishes.
Agnew and Barnes (2007) reported the distribution of S. iniae infections in fish as in
the following table 1.
Table 1 Species reported to have been infected by S. iniae
Common name Scientific name Location
Amago salmon
Ayu
Barramundi
Barramundi cod
Black margate
Chubb
Coho salmon
European seabass
Gilthead sea bream
Gold spot cod
Grey mullet
Grunt
Hybrid nile x blue
tilapias
Hybrid striped bass
Japanese flounder
Onchorhynchus rhodurus var. macrostemus
Plecoglossus altivelius
Lates calcarifer
Cromileptes altivelis
Anisotremus spp.
Scaridae spp.
Onchorhynchus kisutch
Dicentrarachus labrax
Sparus aurata
Epinephalis tauvina
Mugus cephalus
Haemulidae spp.
Tilapia nilotic x T. aurea
Morone chrysops x M. sexatilis
Paralichthys olivaceus
Japan
Japan
Australia
Austraiia
The Grenadines
Barbados
Israel
Israel
Israel
Australia
Israel
Barbados
USA (Texas)
USA
Japan
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Commonname Scientific name Location
Lizard fish
Lyretail grouper
Parrot fish
Puffer fish
Rabbit fish
Rainbow trout
Red drum
Silver bream
Snapper
Striped piggy
Tilapia
Yellow tail
Amazon freshwater
dolphin
Flying fox
Human
Synodus variegates
Variola louti
Sparisoma auroffenatum and S. viridae
Arothron hispidus
Siganus spp.
Oncot ynchus mykiss
Sciaenops occellatus
Acanthopagrus australis
Ocyurus chiysurus
Pomadasys stridens
Oreochromis spp.
Seriola quingueradiata
In ia ge offrens is
Pteropus aleeto
Homo sapiens
Israel
Israel
Barbados and The
Grenadines
Australia
Singapore, Israel, Bahrain,
Australia
Israel (upper Galilee), Japan
Israel, China
Australia
Barbados
Israel
USA, Taiwan, Israel, Japan
Japan
USA (San Francisco, New
york, and Ohio)
Australia
Canada, USA,
Hong Kong, Singapore
 Table source : (Agnew and Bames, 2007)
                                       '
          1.3.3 Infection: pathological and physical changes
          The disease occurs in both acute and chronic phase. In acute infection,
signs develop developed with in 2-4 days. In some species, gross ascites occurs, as
well as dermal lesion. Exophthalmus is characteristic of the chronic stage. Erratic
swimming, dark coloration are also observed. In fish, the most common presentation
of S. iniae disease is meningoencephalitis, and bacteria can be isolated in large
numbers from the central nervous system of infected fish. Panophthalmitis and
meningitis are hallmarks for the infection (Eldar and Ghittino, 1999). In an
experimental infection using zebrafish as a model, histopathological examination
revealed focal necrotic lesion that rapidly progressed to invasion ofthe pathogen into
all major organ systems, including brain (Neely et al., 2002). In fish, the most
common presentation of S. iniae infection is meningoencephalitis. This is resemble of
the infection caused by other pathogenic Streptococcus species in various host.
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      1.3.4 Pathogenesis ofStrepococcus iniae
      At the present, relatively limited information about the pathogenesis and
virulence mechanisms of the fish pathogen S. iniae are reported. The presence of
polysaccharide capsule has been shown to play a critic role in disease. AIIelic
exchange mutagenesis of mutant strain without cpsD gene, which is required for
capsule polymerization and exportation, reviewed the highly attenuated virulence and
the increased of susceptibility to phagocytic killing in comparison with wild type
strain (Locke et al., 2007). Beside the capsule operon, phosphoglucomutase gene
(PGM) was required for capsule production. The DeltaPGM mutant cells, which loss
in capsule thickness and cell wall rigidity, was cleared more rapidly in fish blood and
was aborted infectious process (Buchanan et al., 2005). Encapsulated strains type II
was reported to survive intracellular in pronephros phagocytes for at least 48 h.
(Zlotkin et al. , 2003).
1.4 EdwardsieUa tarda
      Edwardsiella tarda is a Gram-negative, motile-flagellate, rod-shaped
bacterium belongs to the family Enterobacteriaceae (Ewing et al., 1965). It has been
associated with a number of infections in man, including wound infections, abscesses,
meningitis and Salmonella-like intestinal infections (White et al., l973). Interestingly,
infection and reservoir of E tarda have been reported in a wild variety of animals
includiRg animal living close to human such as pet turtle (Nagel et al., 1982),
household lizard (Tan et al., 1978), ornamental fish , which was concerned to be a
possible source ofhuman infection (Vandepitte et al. , 1983).
      Since 1973, Edwardsiella tarda has been reported as a fish pathogen. Early
isolates were the causative agent in channel catfish (Meyer and Bullock, 1973) and
large mouth bass (Micropterus salmoides) (White et al., 1973). In 1983, there was
reported of infection in chinook salmon (0ncorhynchus tshawytscha) in Oregon's
Rogue River. The initially isolated from diseased chinook salmon were also
pathogenic for steelhead and rainbow trout (Salmo gairdneri), and channel catfish
(Ictaluruspunctatus) (Amandi et al. , 1982).
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1.4.1 Identification
      Diagnosis of E. tarda is base on the basis of isolation and biochemical
identification. Commercial kits (API 20E, Enteric-Tek) are efficient to identify
bacteria in the family Enterobacteriaceae including E. tarda, correctly identification
percentage given by those kits were higher than 93 O/o (Appelbaum et al. , 1982). The
optimum growth temperature of the bacteria in brain heart infusion broth was
approximately 35 OC (Amandi et aL, 1982). Loop-mediated isothermal amplification
(LAMP) reaction has been developed. This method was proposed to be a rapid
method to detect Edwardsiellosis in fish, based on the effectively used with infected
Japanese flounder (Savan et al. , 2004).
1.4.2 Infection: pathologieal and physical changes
      Infection in fighting fish (Betta splendens) caused large dermal changes
located mainly in the dorsal part and granulomata in liver, spleen and kidneys (Vladik
et al. , 1983). Epizootic ofEdwadsiellosis caused by E. tarda had been occurred in the
Chesapeake Bay, Maryland (USA) during the sumrner and autumn of 1994, and
affected wild adult striped bass (Morone saxatilis). The clinical signs observed from
the bass were coalescing hemorrhagic ulcers on the body and fins, internally fi11ed
with abundant yellowish or sanguinous mucoid fluid with multiple tiny white foci
visible in visceral organs (Baya et al. , 1997).
1.4.3 Pathogenesis
      Pathogenesis of E. tarda relates to many factors including epithelial cell
invasion ability and some substances produced by the bacteria such as heat-stable
enterotoxin (Bockemuhl et al. , 1983), siderophores and hemolysin.
      Study in cultured epithelial cell, HEp-2, clearly showed the ability ofE. tarda
strains to penetrate and replicate in the cytosol 3 h post infection. Invasive bacteria
were also found within cytoplasmic vacuoles in infected cells (Janda et al., 1991b).
Study in blue gourami phagocytes by light microscopy also showed the efficient
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ability of adherence as well as survive and replicate within phagocytes (Srinivasa Rao
et al. , 2001).
      The ability in survival inside host cell in part related to circumvent to killing
by reactive oxygen intermediates (ROIs). This fact was confirmed by the study using
TnphoA transposon mutagenesis. In this study, the authors found 5 mutants induced
more ROIs than wild type strains. Three of five mutants had insertions at sequences
having homology to PhoS, dipeptidase and a surface polymer ligase of lipid A. The
authors suggested that these three genes were crucial for survival inside host cell.
Lacking of them might involve in changing of the cell surface characteristics of the
bacteria, leading to induced ROIs production by phagocytes. (Srinivasa Rao et al.,
2001). Another study suggested that resistance to phagocyte-mediated killing
involved with the production of catalase enzyme (katB). This major catalase enzyme
found to be expressed by 8 of 22 E. tarda strains and commonly found in virulent
strains. The hatB mutant was unable to survive and replicate in gouramy phagocyte-
rich organs and prevented the dissemination of infections when compared to the wild-
type (Srinivasa Rao et al. , 2003).
      Hemolysin was crucial for invasion and spreading of the new bacterial
generation. It is known that, E. tarda escapes from the endocytic vacuole within
minutes of entry and replicates within the cytoplasm. They do not move from cell to
cell as observed in some intracellular bacteria. Instead, E. tarda replicate within
cytoplasm and spread by lysing the plasma membrane after several rounds of
replication (Ma et al., 1998, Strauss et al., 1997). Using transposon mutagenesis,
found the mutant with defective for hemolysin production. Disruption at the gene
required for transport and activation of hemolysin (shlA and hpmA), negatively
affected hemolytic, cytotoxic and invasive abilities. The mutant strain was unable to
enter Hep-2 cells (Strauss et al., 1997). Hemolysin, which normal produced in the
form of cell-associated, could be released from the strains under iron-available
environment. Under these condition they found that hemolytic activities were 3 to 40-
fold increased (Janda et al., 1991a). Thereafter, protein ethB was reported as a co-
factor essential for hemolysis activities (Hirono et al. , 1997).
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      Using histological studies with the application of green fluorescent protein
(GFP) in immersion challenge in blue gourami, three major invading sites;
gastrointestinal tract, gills and the body surface of fish, were identified (Ling et al.,
2001).
1.5 Microarray
      Genomics refers to the comprehensive study of genes and their function. In the
past, generally molecular biology has worked on analysis of one or a number of genes
at a time, which means that the throughput is very limited and the overview of gene
function is difficult to obtain. Since in the mid 1990s advances in bioinforrnatics and
high throughput technologies such as microarray analysis are bringing about a
revolution in our understanding of the molecular mechanisms underlying normal and
dysfunctional biological processes (Woo et al. , 2004).
      The basic concept of microarray analysis is simple. The 3' end of RNA
transcripts are individually immobilized on a platform. This platform is then
simultaneously probed with fluorescently tagged cDNA representations of total RNA
pools from test and reference cells. During the hybridization, DNA targets which are
complementary to a probe will anneal and form a DNA duplex. The amounts of
transcription are determined by the fluorescent signal generated. The application of
microarray technology namely: Gene discovery, effect of treatments, drug discovery
along with the developmental stage of diseases and its diagnosis. Microarrays may be
used to assay gene expression within a single sample or to compare gene expression
in two different types, such as in healthy and diseased or treatment tissue. Because a
microarray can be used to examine the expression ofhundreds or thousand ofgenes at
once, it promises to revolutionize the way scientists examine gene expression
(Murphy, 2002).
      Probe is the nucleic acid with known sequence, where as a `target' is the free
nucleic acid sample whose identitylabundance is being detected. The matrix used to
be platform to immobilize the arrays at the preserpt are glass or nylon membrane.
Glass based arrays are most often made on microscope slides, which have low
inherent fluorescence. These matrices are coated with poly-L-lysine, amino silanes or
amino-reactive silanes, which enhance both the hydrophobicity of the slide and the
                                -20-
adherence of the deposited DNA. They also limit the spread of the spotted DNA
droplet on the slide
      There are two microarray platforms (or array chips) in common use; cDNA
microarrays and oligonucleotide microarrays. The cDNA microarray comprises of a
collection of gene sequences which are purified PCR products to remove unwanted
salts, detergents, PCR primers and proteins present in the PCR cocktail. The size of
the sequences used for immobilization is ranging from 100-5,OOO bp commonly
derived from expressed sequence tag (ESTs) clones. In some cases the sequences are
chosen directly from databases available. Full-length cDNAs, panially sequenced or
cDNAs from any library of interest can be used. It is preferable to produce arrays with
a low redundancy of representation. The chosen clones are immobilized individually
to a solid matrix, usually nylon or glass using robot spotting. Each array element is
generated by the deposition of a few nanoliters of purified PCR product, normally
100-500 pg/ml. The cDNA microarrays are commonly used for expression profiling,
For example, monitoring global gene expression levels of thousands of genes
simultaneously (Murphy, 2002).
      Olignucleotide microarrays are made of synthesize single stranded probes on
the basis of sequence information available in databases. Probe size are about 20-80
mer oligos. The array is exposed to labeled sample DNA, hybridized and the
identitylabundance of complementary sequences is determined.
      In addition to the two microarray platform, other microarray type have been
developed using similar concept such as protein microarray (Hall et al. , 2007), tissue
microarray which, for example, commonly employed for immunohistochemistry and
fluorescent in situ hybridization (Della Mea et al. , 2006).
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1.6 Objective of this study
      In recent year, genomic approaches using microarray are enabling the analysis
of complex genomic responses that may lead to novel gene discovery. In addition, the
advantages of this assay allow us to study the change of transcriptional level in
response to certain antigens that invade into host body. The main objective of this
study aims to identify genes induced during the early stages of bacterin exposure of
potential relevance to protective response using cDNA microarray. In chapter II we
employed Japanese flounder cDNA microarray available in our Iaboratory to detect
the transcriptional change in response to two bacterial species that often found to be
bacterial disease agents of Japanese flounder. Furthermore, it is essential to identify
which antigenic components of the pathogen are recognized by the host. For this
reason, in chapter III, we conducted a random genome sequence analysis by
constructed a S. iniae genomic library. The outcome received from this study will
develop fundamental information in virulence and pathogenesis ofS. iniae.
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Chapter 2
 Transcriptional profiling ofJapanese
 flounder (Paralichthys olivaceus) head
kidney in response to Gram-positive and
      Gram-negative bacterin.
Abstract
In an attempt to understand the molecular mechanisms involved in activation of the
fish immune system upon vaccination, we have investigated the gene transcription
profile of Japanese flounder (Paralichthys olivaceus) head kidney cells after
intraperitoneal injection of Streptococcus iniae or Edwardsiella tarda formalin-
inactivated cells and a control group injected with PBS. Total mRNA was extracted
from the head kidney of3 individual fish from vaccinated and non-vaccinated groups,
and the gene transcription was monitored at 3hours, lday and 3 days post injection. In
overall, 343 (17.620/o) out of 1,946 genes on cDNA microarray chips, were
significantly induced gene expression throughout the sampling period. A 1arge
number of genes were induced by the E. tarda bacterin group, but genes with higher
expression levels were distinctively presented in S. iniae-vaccinated group.
Confirmation of differential expression of selected genes was obtained using RT-PCR.
To assess the efficacy of above vaccines, the fish were challenged one month post
vaccination with two doses of the homologous strains used for each vaccine
preparation. The E tarda bacterin failed to protect Japanese flounder fries, while the S.
iniae bacterin protected the fish against the lethal challenge. Seven outstanding up-
regulated genes were detected only in the S. iniae bacterin-vaccinated group, which
are possibly related to protection against S. iniae infection.
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2.1 Introduetion
      Administration of inactivated whole-cell vaccines has been the most wildly
employed strategy to control and prevent bacterial infection. Whole-cell vaccines are
relatively convenient and economical to produce, and also allows the administration
ofmany antigens that can be highly immunogenic and protective. In aquaculture, due
to the economic benefit, formalin inactivated whole-cell vaccines are commonly used
to protect fish against many bacterial diseases. Protective efficacy correlates well with
the ability of the vaccine to stimulate broader effectors immune mechanisms
(Bercovier et al. , l997, Chandran et al. , 2002).
      Japanese flounder (Paralichthys olivaceus) is an important fish species
cultured in coastal areas of Japan. Bacterial infection is one of the major problems
with farming this species. Streptococcosis caused by Streptococcus lniae and
Edwardsiellosis caused by Edwardsiella tarda are bacterial diseases which often
occur in Japanese flounder farming especially when water temperature is raised
(Nguyen and Kanai, 1999). In Japan, inactivated bacterial-whole cells ofS. inlae have
been used as prophylactic vaccine to prevent Streptococcosis in this species (Shuto et
al., 2007). Although vaccines against E. tarda infection have not been readily
available for fish farmers, some reports showed protective efficacy of E. tarda
bacterin (Takeshi et al. , 1 999).
      Fish immune mechanisms are thought to be similar to those in higher
vertebrates, such that they have the ability to generate early innate immune response
which is also required for the initiation of adaptive immunity. Conserved motifs of
bacteria are recognized by the immune system as a sign of detection of pathogenic
bacteria invasion and responsible for the activation of inflammatory response. Non-
living bacteria usually stimulate protective immune response through Major
histocompatibility complex (MHC) class II pathway. The peptides derived from
bacteria access the endocytic route of circulating antigen presenting cells (APC), then
degraded and displayed on the plasma membrane which elicits helper T-cells
responses. Depending on the type of CD4' cell that binds to the complex, B cells are
activated and antibody production is stimulated.
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      The great differences between Gram-positive and Gram-negative bacterial
structures are their cell wall components. It is known that Gram-positive possesses
considerably more peptidoglycan in the cell wall components than in the Gram-
negative. Bacterial peptidoglycan fragments are known to be ligands generated in the
phagosome of macrophages during the innate immune response (Herskovits et al.,
2007). Different from Gram-positive, the outer most cell wall layers of Gram-negative
bacteria are lipopolysaccharides (LPS), which are the principal cell wall components.
Intact bacterial whole cells contain structural components mentioned above including,
capsular antigens and microbial DNA which are capable of activating an
inflammatory response. Differences on cell wall ofbacterial structures affect the host
immune response in different ways. For instance, Gram-positive bacteria are potent
inducers of IL-12 and TNFor in human monocytes. In the other hand, Gram-negative
bacteria preferentially induce IL-6, IL-8 and IL-1O (Hessle et al., 2003). Lipoteichoic
acid (LTA) from Gram-positive and LPS from Gram-negative bacteria induces the
potent pro-inflammatory cytokine IL-1 6 (Hattar et al. , 2006, Shuto et aL , 2005).
      Microarray is a potential tool used to investigate the gene transcripts occurring
upon infection or vaccination. The global gene-expression patterns obtained leads to a
better understanding of the relevant process under study, give us the opportunity to
discover new genes, and provide clues to focus specific investigation on'their
functions. To our knowledge, comparison between host immune response against the
two different bacterial groups in vivo has not been conducted so far. In order to obtain
a broad overview on the transcriptional response to Gram-positive and Gram-negative
bacteria component and the means by which protection against bacterial infection is
accomplished, we used complementary DNA (cDNA) microarray chips to detect the
altered expression of genes in Japanese flounder head kidney cells following bacterin
administration. Understanding of molecular mechanisms involved in the innate
immune response to Gram-positive and Gram-negative bacterial components may
help to develop specific strategies of control and treatment ofbacterial diseases.
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2.2 Material alld method
2.2.1 Bacterial strains and Vaccines preparation
      S. iniae strain 02 was cultured in Todd-Hewitt medium (Becton, Dickinson
and company) supplemented with 10/o glucose on 70 rpm incubator shaker at 260C for
24 h. E. tarda strain was culture in Lubria broth (LB) (Becton, Dickinson and
cornpany), incubated in an incubator shaker at 370C (150 rpm) for over night. The
bacterial cells were collected by centrifugation (3000 rpm15 min) and re-suspended in
phosphate buffer solution (PBS). An aliquot ofthe whole cell suspension was 1O-fold
diluted for estimation of the bacterial number. The formalin-inactivated vaccine was
prepared by suspending the organisms in a final concentration of 40/o formalin in PBS
and incubating at room temperature for 48 h. Formalin inactivated cell (FKCs) were
washed 3 times and re-suspended with PBS before kept at -80 OC until use. The
vaccine was determined to be sterile by lack of bacterial growth on LB or Todd-
Hewitt agar after 48 h incubation.
2.2.2 Fish vaccination and sampling
      Japanese flounder weighing approximately 6-8 g were obtained from a- local
fish farm and fed with commercial dry pellets once every day to satiation. Twenty
fish were grouped in 40 1. tanks containing filtered, aerated artificial seawater (28 ppt)
at a temperature of 230C. The fish were maintained on a simulated natural
photoperiod of 12 h darkness and 12 h light, and allowed to acclimatize to these
conditions for 7 days prior to initiating the experiment.
      The vaccines were administered intraperitoneally (i.p.), with a boosted dose
two weeks after the first immunization. Vaccinated groups were injected with 1OO pl
of S. iniae (equivalent to 2.9 x 108 cfu!fish) or E. tarda bacterin (equivalent to 1.0 x
109 cfU!fish). The control fish were inoculated with 1OO ptl ofPBS. Fish were sampled
at 3h, lday and 3day after primary vaccination; they were sacrificed by an overdose
of anesthetic and the head kidney was immediately removed and kept in cooled
TRIzol@reagent (Invitrogen) for RNA isolation.
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2.2.3 Experimental challenge
       For S. iniae experimental infection, all vaccinated and control fish (20 fishl
group) were IP challenged 30 day post vaccination with either LDso dose (100pl of
 1.5 x 103 cfulml) or IOx LDso dose (100pl of 1.8 x 104 cfUlml). In case of
experimental infection using E. tarda, the bacterial challenge was performed via
immersion in 5 1. ofbacterial solution containing 2.0 x 106 or 2.0 x 107 cfulml for 10
min. After the immersion challenge the fish were transferred back to the 40 1. tanks,
and the mortalities were recorded during 26 days post challenge. Re-isolation ofthe
bacterial strains was performed from liver, spleen and head kidney samples of dead
fish and cultured as previously described.
2.2.4 cDNA mieroarray hybridization
      Total RNA (7pg) from three individual fish (total 21 pg) from the indicated
time points (3h, ID and 3D post vaccination) were mixed together and labeled with
Cyanin 5 (Amersham), while the control RNA sample (21 pg) was labeled with
Cyanin 3 (Amersham) conjugated dUTP (Label star microarray kits, Qiagen) by a
reverse transcription PCR according from the company. Both of the fluorescent
labeled cDNAs from control and treatment sample were carefu11y mixed with and
hybridized on the cDNA microarray chips. The hybridization was performed in the
dark for 16 h at 420C. Washes were as follow: 5x standard saline citrate (SSC)-
O.IO/oSDS for 5 min at 300C, then wash twice with O.5xSSC at 300C for 2 min, dip ten
times in O.05x SSC-O.O10/o tween20 at room temperature. The last washing step was in
distilled water for 2 min at room temperature. The slides were dried and scanned
immediately using a GenePix 4000 scanner (Axon instruments, Foster city, CA, USA).
2.2.5 Microarray analysis
      The fiuorescent images ofhybridized microarray were obtained using Genepix
4000 scanner with independent laser excitation of the 2 fluorescence at 532 and 635
nm wavelengths for the green and red channel, respectively. The image analysis was
performed with GenPix (Version 6.0, Axon instruments) program. Fluorescence ratios
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(635/532) were normalized and the resulting Tiff images were analyzed with GenePix
software (Version 6.0, Axon instruments). The bad spots were manually flagged as
not found and were not included in subsequent analysis. Normalized and averaged
fluorescent ratios of genes were used to calculate the fold change of expression at
each time point. At least 2-fold change in the expression was used as the cut-off value.
Functional classification ofdifferentially expressed genes was categorized by putative
function using Biocompare Gene-specific directory as well as NCBI database search.
2.2.6 Reverse transcriptase-polymerase chain reaction (RT-PCR)
Four out of nineteen cDNAs with expression greater than 1O-fold change compared to
those of the PBS group obtained from the microarray assay were further analyzed by
reverse transcriptase-polymerase chain reaction (RT-PCR). Head kidneys from three
individual fish were sampled at three time points (3h, ID and 3D). Total RNA from
each sample was separately extracted using TRIzol@reagent, resuspended in DEPC
treated water and then used for RT-PCR. First strand cDNA was synthesized from 4
pg of total RNA. Briefly, the RNA was denatured (650C, 5 min) in the presence of 1
pl of 50pM oligo dT primer and 1pt1 of IOpM dNTPs. Then the RNA was cooled on
ice and cDNA was synthesized with reverse transcriptase M-MLV (Invitrogen) at
370C for 50 min in the present of 5x first strand buffer, DTT, 1O unit Rnasin in a final
volume of 20 pl followed by a 15 min step at 720C and then cooling to 40C. The
cDNA was diluted five-fold to 100 pl and O.5 pl used as the template for PCR using
specific primers designed against the genes of interest. PCR conditions were 950C 30
sec, 580C 30 sec, 720C 30 sec. The clones and their corresponding primers are shown
in Table 1. PCR products were separated on a 10/o agarose gels containing ethidium
bromide and visualized under UV light.
2.3 Result and discussion
2.3.1 Protective effects of formalin-inactivated bacterin
Three day after S. iniae challenge, mortality without evident clinical sings was
observed in the PBS-injected control group. The mortality in the control group
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continued until 15 days post challenge. Clinical signs of S. iniae infection were
manifested on day 7 post challenge, which included darkened skin, Iethargy, anorexia,
increased opercula movements and breathing difficulty, including eye opacity. The
cumulative mortality reached 78.5 and 75 O/o in the PBS-injected control group
challenged with 10-times and 1-time LDso dose, respectively. In the FKC-vaccinated
group, the mortality begun on day 12-17 post challenge, with no additional deaths
observed thereafter. The total mortality in the FKC vaccinated group was 17.60/o. In
the other hand, E. tarda formalin inactivated vaccine fail to mount a protective
response against E. tarda infection. On day 4-5 post challenge, fish started to show
signs of bacterial infection. Similar to early symptoms induced by S. iniae, fish
infected with E. tarda showed low food acceptance and breathing difficulty but not
eye opacity. High mortality was observed within the next three days, which reached
700/o in the PBS-injected control group regardless of the challenge dose. The FKC
vaccinated group showed slightly slower mortality rate within the first week after
challenge. However, the mortality reached 1OOO/o in all FKC- and PBS-injected groups
by day 12 post challenge. Both S. iniae and E. tarda were recovered from moribund
fish confirming the cause of the infectious process. The cumulative mortality from
both S. iniae and E. tarda challenge are shown in Fig 1.
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Fig 1 Percentage of cumulative mortality in Japanese flounder in vaccinated and non-
vaccinated fish after challenge. (A) Fish were challenged with different doses of
S. iniae. The vaccinated fish were injected with 100 pt1 of 2.9 x 109 cfUlml of
formalin-killed cell S. iniae. Non-vaccinated fish were injected with the same volume
ofPBS. Those fish were divided and challenged with 100 pl of 1.8 x 104 cfUlml for
high dose or 1.5 x 103 cfUlml for low dose. (B) The vaccinated fish were injected with
1OO pl of 1.0 x 1OiOcfulml offormalin-killed cell E. tarda or the same volume ofPBS
as non-vacciRated control. Fish were immersion challenged with high doses (2.0 x 107
cfulml) and Iow dose (2.0 x 106 cfUlml) ofE. tarda.
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2.3.2 Microarray assay
      To begin understand the molecular mechanism involved in activation of the
fish immune system upon vaccination, we have selected two bacterial pathogens,
S. iniae and E. tarda as representative of Gram-positive and Gram-negative bacteria,
respectively. Formalin whole-cells were used as a vaccine in Japanese fiounder fry.
A cDNA microarray analysis was conducted to identify differential gene expression
events induced by the bacterin antigens. The Japanese flounder cDNA array chips
used in this study containing a total of l,946 genes and 6 replicate control features.
These genes were selected from Japanese flounder EST libraries and printed in
duplicate each on the array chips. For each time point (3h, ID and 3D post
vaccination), a microarray slide was used to compare cDNAs prepared from head
kidney of fish injected with PBS or bacterin solution. cDNAs that were assigned as
differentially expressed had a ratio of greater than 2-fold increase in transcription after
exposure to the bacterin compared to the control group. Microarray analysis
demonstrated that 1,282 cDNAs (65.870/o) from a total of 1,946 unique Japanese
flounder ESTs, were differentially expressed in at least one time point during the
sampling period. Three hundred forty three cDNAs exhibited at least 2-fold increase
upon vaccination. Due to the large number of genes modulated by each vaccine
during the time course, only the up-regulated genes that have some functional
information are shown and discussed. Annotation ofthe up-regulated transcripts was
performed by using Biocompare Gene-specific directory as well as the NCBI database.
The bacterin-stimulated cDNAs were categorized into 8 groups as following: immune
related genes, protein metabolism, energy pathway, cell growth, nucleic acid
metabolism, signal transduction, transport proteins and putative protein with unknown
function.
S. iniae or E. tarda bacterins stimulatedrapid induction ofPro-inLflammatory cytokine
      A large number of genes were induced in fish received E. tarda-bacterin
vaccine (241 genes) compared to those injected with S. iniae-bacterin (169 genes). A
total of 66 unique cDNAs were expressed in both S. iniae and E. tarda vaccinated
groups, however, putative identities could be determined only for forty cDNAs while
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twenty six cDNAs had no significant similarity to protein sequence in GenBank
database. For detail of up-regulated genes see table 3.
      The pro-inflammatory cytokine interleukin-IP, and the complement
component C3 were up-regulated early as 3h post bacterin exposure in both S. iniae
and E. tarda vaccinated groups. An increased expression of the major
histocompatibility complex (MHC) class II invariant chain-like protein 1, and the 62-
microglobulin were also observed by the same time. The CC-chemokine and its
receptor were also early induced and maintained over the time course. Other cDNAs
including the retinoblastoma binding protein, hydroxyl-delta-5-steroid dehydrogenase
and lactate dyhydrogenase A chain were also induced by 3h post injection. The heat
shock protein ( Hsp) 70 was early expressed in the S. iniae bacterin group by 3h post
injection, while Hsp90B and heat shock cognate protein (Hsc) 71 manifested a slight
change (2-fold increase) at day 1 after S. iniae-bacterin administration. While delayed
but stronger (10- and 3- fold) induction of both genes were observed in the E. tarda
bacterin by day 3.
      Antigen processing and presentation-related molecules such as the proteasome
activator subunit 1 and the proteasome ct2 and S1O were up-regulated early as 24 hour
post vaccination. The ribosomal proteins (L3, L7, s20, s22) were also expressed by
the same time. Respiratory chain and energy metabolism-related genes were induced
more than 2-fold, they included NADH dehydrogenase subunit2, Omithine
decarboxylase, and enzymes involved in glycolysis pathway such as
phosphofructokinase, pyruvate kinase, pyruvate kinase and L-lactate dehydrogenase
(A and Z isoform). One signal transducer, Ras homolog gene, the chicken-type
lysozyme and galectin were also expressed.
Divergent transcri tion by S. iniae andE. tarda bacterins
      Excluding those 66 genes shared by the E. tarda and S. iniae bacterin, our
analysis revealed that the transcriptional response of the host cells induced by S. iniae
extremely diverge from the host response to E. tarda vaccine. One hundred three
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genes were up-regulated upon S. iniae administration and putative function of 36
genes could be determined.
      The most abundant genes induced early in response to S. iniae were genes
involved in signal transduction mechanisms, including calcium binding, calcium
sensors and calcium signaling modulators (calmodulin, calcitonin -related protein),
the nuclear hormone receptor, retinoid X-receptor, the inositol polyphosphate
phosphatase, integrin Pl, tensin, cytokinesis 5 and nuclear receptor subfamily 4. The
second majority group stimulated in response ofS. iniae-bacterin was energy pathway
related genes (Cytochrome C oxidase subunit 1, NADH dehydrogenase-3,-4, acyl
CoA dehydrogenase and antizyme inhibitor). Two proteinase enzymes
(apolipoprotein A-I and cathepsin F), a hormone thioredoxin, a transporter associated
with antigen procession (TAP2) were also early induced. Immune related genes
namely complement factors and macrophage inflammatory proteinl-ct were present.
      Abstain from those genes shared by S. inlae induction, total genes that
specifically up-regulated in response to E. tarda-bacterin were 174 genes. Among
these, 113 genes were able to be annotated. Compare to those regulated by S. iniae-
bacterin, larger number ofimmune related genes were induced. These genes included
T-cell activation Rho GTPase activating protein, Nod•-like receptor C, rlNF 'super
family member 13b, Complement component Clq and C8b, Complement regulatory
plasma protein, CD18, immunoglobulin D, MHC class II antigen and protein
components associated with MHC class I (MHC class Ict chain, MHC class IB-chain).
Abundant ofribosomal protein (S3, Sa, S14, PO, L5, L6, 13a, L27a, L37), proteasome
subunits and genes involved in nucleic acid metabolism (early growth response,
immediate early gene 3, splicing factor, transcription factor Jun-B, DNA replication
licensing factor, HMG-T2, transcriptional complex, replacement histone3.3, CCR4-
NOT, kruppel-like factor 6) were noted. Interestingly, signal transduction induced by
the E. tarda-bacterin revealed in greater number than those in S. iniae. The signal
transduction via the activity of G-protein pathway was predominantly present. Two
G-protein coupled receptor genes (G protein-coupled receptor 41, RAPIA,
oligophrenin 1 and EDGI), and its negative regulator (G-protein pathway
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suppressorl) were also detected. A proteinase enzyme, cathepsin L, was up-regulated
on day 3.
Greater expression ehange genes
      To focus on genes that were significantly induced by study condition, genes
with a greater than 10-fold change at least one time across all time points were
selected manually. Through this, nineteen genes were selected. Thirteen out of
nineteen genes whose expression greater than 1O-fold induction, were unknown genes.
Of the six genes in which some functional characteristics are known, have been
implicated in immLme related (complement C3, interleukine-1P), cell growth (vinculin,
microtubule aggregate protein), signal transduction (calmodulin), and transport related
(synaptobrevin-like protein). The fold-change of expression values determined by
microarray assay ofthese genes is shown in table 1.
Table 1 Nineteen clones with the expression induced greater than 1O-fold change.
Gene name Accession
Number
ID S. iniae FKC ll. tarda FKC
3hpv 1dpv 3dpv 3hpv 1dpv 3dpv
Unknown
Unknown
C3 Complement
Unknown
Unknown
Unknown
Unknown
Calmodulin
Microtubule
aggregateproteln
Unknown
lnterleukin-1B
Zinc finger
Dipeptidyl-
peptidase6
Unknown
Unknown
Vinculin
Synaptobrevin-
like protein
Unknown
Unknown
DC620485
DC620107
C23233
DC620315
AU050699
DC620290
AU260881
DC620048
DC619964
DC620450
AU090713
AU260694
DC620447
DC620044
DC620320
AU050575
AU050627
AU090788
DC620123
kidlC-N FIO
brlCIO B05
LA4(6)
kidlC-E F12
WB4-22F
kidlC-D F12
Z26
brlC06 Bll
brlC02 E02
kidlC-M B07
B79
V92
kidlC-M BOI
brlC06 Ae9
kidlC-E HIO
WB8-20
WAII-21R
B185
brlCll A04
29.74
21.17
2e25
20.17
16.38
16.24
11.23
10.37
O.74
l.05
3.24
4.52
ND
1.73
O.63
ND
ND
ND
ND
O.84
ND
ND
O.18
O.40
O.26
ND
ND
1029
ND
ND
2.04
ND
ND
O.57
ND
ND
ND
ND
ND
ND
ND
O.68
ND
O.57
O.03
O.92
1.65
ND
1.74
2.39
ND
ND
O.92
1.01
ND
ND
ND
ND
ND
5.22
O.61
ND
O.39
O.22
O.67
1.44
16.44
10.53
10.21
1.97
2.86
O.75
ND
122
ND
ND
ND
O.35
ND
O.39
O.38
O.72
O.Ol
 1.72
6.60
ND
O.77
1.66
107.20
84.67
1325
11.97
11.39
10.97
10.50
ND
O.17
ND
O,34
O.22
O.14
ND
ND
6.19
ND
1.72
2.71
ND
O.86
O.55
O.41
1.67
ND
ND
Not detected values are indicated by ND
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2.3.3 Validation of microarray by RT-PCR
      Four cDNAs whose expressions were induced greater than 10-folds in the
microarray assay, were chosen to be analyzed by RT-PCR. They included the
proinfiamatory cytokine interleukin-1P (B79) and 3 unlmown function genes namely;
kidlC-N-FIO, kidlC-EmF12, WB4-22F genes. For each time point, three individual
fish were separately analyzed. The results of the semi-quantitative RT-PCR are shown
in Fig 2. All primer sets used in this experiment were showed in table 2.
Table 2 Oligonucleotide primers used in semi-quantitative RT-PCR
Gene ID Forward primer (5'-3') Reverse primer (5'-3 ')
 Product
length (bp)
PCR
cycle
kidlC-N FIO
kidlC-E F12
WB4-22F
B79
TCCTCGGTTCAAGACAAACA
ATAGCCTTCACGGCTTTGTG
TGTCAGGCGACATGTTTGTT
AGCATCACCACTGTCTGCTG
GTATTCTGCGTGGCCTCAGT
ACTGAATCCCTGACCACGAC
AACTGGAGGCAGGCTCTGTA
TT TTTTTCAGTCTCCAAGCA
486
484
436
312
25
25
25
25
Fig2 Semi-quantitative RT-PCR analysis of4 chosen clones with transcriptions were
induced greater than lO-fold change by microarray assay. (A) kidlC-N-F1O, (B)
kidlC-E-Fl2, (C) WB4-22F and (D) B79, interleukin-1 beta. Twenty five cycles
using specific primers were performed using O.5 pg cDNA (For detail see materials
and methods).
<A)
Fishl
Fislili
FisllH3L
kidlC-NT Fig
Oh 3h ID 3D 3h ID 3D
 (B)
Fist1 1
Yi.$h2
Fi.sk3
kiditt-E FI-2
eh 3h ID 3D 3h ID 3D
S-illiae E-tarda S.iniae E.tx7da
(c)
Fi.wh1
Fist12"
Fisl13
"7B4:.7...?F
eh 3h. ID 3D 3h ID 3D
 (D)
Fi.sh1
Fish:
Fi.sti3
S.iniae E.tarda
B79
eas==eetlll
-eeM::x=:ZX::==::ZSE
 Oh 3h ID 3D 3h ID 3D
        StitiiGe E.t.afda
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2.4 Discussion
      In this study, S. iniae and E. tarda which represents Gram-positive and Gram-
negative bacterial fish pathogens, were chosen to begin understand the gene
expression profiling in Japanese flounder head kidney upon a FKC vaccine
administration. Both are important pathogens of Japanese flounder, one of the most
important fish in the coastal fisheries ofJapan.
      Effective protections against Edwardsiellosis or Streptococcosis using
formalin inactivated whole-cell vaccine in Japanese flounder have been documented
(Kenji and Masato, 2000). In general, whole cell vaccine containing at least 1 x 107
cells or higher is considered to be adequate for protection. The vaccination trial we
selected is based on the documents which shown the most effective protection in
many fish species for the two pathogen compared to other administrations (KIesius et
al., 2002, Shoemaker et al., 2005 , Takeshi et al., 1999). The S. iniae-FKC vaccine
showed protective effects against Streptococcosis, while the E. tarda-vaccinated fish
fail to mount a protective immune response enough to prevent subsequent infection by
the virulent strain. The efficacy of formalin-inactivated E. tarda vaccine is
questionable. There was evidence that fish receiving double doses of formalin-
inactivated vaccine were not protected (Kwon et al., 2006). The results in the above
study and in this could be due to the intracellular nature of the E. tarda, making it
difficult for host to eliminate.
      Microarray analysis revealed abundant genes induced following stimulation
with both S. iniae and E. tarda bacterins, with differences in their expression levels
during the course of the infiammatory response. Both Gram-positive and Gram-
negative bacterins were able to trigger the expression of IL-1P early as live bacteria
do (Kim and Austin, 2006, Zhang and Wang, 1998). After professional antigen
presenting cells such as dendritic cells and peritoneal macrophages phagocytose the
antigen in the abdominal cavity, they begin to migrate to the lymphoid organs such as
spleen and kidney. There, secretion of cytokines such as TNF and IL-1P initiates the
host inflammatory response, with the subsequent activation of a diverse group of
Ieukocytes. Bacterial cell wall componentes such as LPS and LTA are the major
h47-
immunostimulatory molecule derived
respectively. Both of them are able to
various inflammatory cytokines included
1994, Jones et al. , 2005, Strandberg et al. ,
from Gram-negative and Gram-positive,
activate monocyteslmacrophages to secret
 IL-IP (Hattar et al., 2006, Higgins et al.,
2005, Su et al. , 2006).
      As the inflammatory process evolve, expression of genes involved in antigen
processing and presentation begin apparent, and were stably expressed during the
study. Newly synthesized MHC II molecules are associated with the antigenic
peptides from degraded macromolecule inside the phagolysosome. Up-regulation of
the non-polymorphic invariant chain protein (gene ID L81) at almost all sampling
times revealed a very active processing and assembly of synthesized MHCII
molecules and the antigenic peptides generated by the proteasome. It plays important
roles in the traffic of class II molecules and in the determination of where the peptides
bind to class II molecules. MHC-associated peptides displayed on the cell surface of
antigen presenting cells (APCs) will be presented to nai've T cells and initiates an
adaptive immune response (Abbas and Lichtman, 2003, Boss and Jensen, 20e3).
        We found a great up-regulation of the complement component C3 at 3h
following exposure to either Gram-positive or Gram-negative bacterin. Previous
studies have shown increasing levels of C3 during both live- or non-living bacterial
pathogen administration in fish, as seen in, yellow croaker kidney after administration
with inactivated trivalent Gram-negative bacterin (Aeromonas hydrophila, Vibrio
alginolyticus, Z parahaemolyticus (Liu et al., 2007) and rainbow trout following
bacterial or virus infection (Overturf and LaPatra, 2006). Up-regulation of the
complement C3 indicates and active consumption ofthis molecule during the innate
immune response to both bacterins, probably through its opsonization activities. C3
convertase is the central reaction in both classical and alternative complement
pathways, which generates C3a and C3b, both mediating the inflammatory process.
The complement fragments deposited on the pathogen surface serve as targets for
complement receptors present on phagocytic cells, thus aid clearance by phagocytosis
(Helmy KY, 2006).
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      In addition to those genes involved in host immune mechanisms, a group of
genes related to energy producing pathway were early induced. Activating of
glycolysis pathway-related genes indicates that the innate immune response to both
types of antigens is a very active process consuming energy. Indeed, up-regulation of
genes involved in metabolism are described as a main component of the gene
transcription profiling in several diseases (Blader et al. , 2001).
      We have described differences in gene expression of head kidney cells in
response of vaccination with Gram-positive and Gram-negative FKCs. The
vaccination with Gram-negative bacterin seems to be associated with a larger number
of genes up-regulated in all categories compared to the Gram-positive. For antigen
process activities, in addition of MHC class II pathway, we found a number of genes
related to MHC class I processing pathway induced by the E. tarda bacterin. In
general, MHC class I antigen processing pathway is often called cytosolic or
endogenous pathway due to the hallmark of presence of proteins processed in the
cytosol for example viruses or certain type of intracellular bacteria (Jorgensen et al.,
2006, Schoen et al., 2007). Exogenous antigen can be processed via alternate MHC
class I antigen processing mechanisms. This process is canied more efficient in
neutrophils where antigens were phagocytosed, processed and directly present to T
cell (Potter and Harding, 2001). Antigen processing via this pathway can be involved
with two mechanisms. At first, the antigens are delivered from phagosome to the
cytosol for cytosolic processing, degraded by proteasomes and transported to cell
surface by Transporter associate with antigen processing protein (TAP)
(Guermonprez et al., 2003, Kovacsovics-Bankowski and Rock, 1995). Second, with
TAP-independent, antigens were processed within the phagosome, degraded and
directly loaded into MHC class I (Pfeifer et al., 1993). The cornponent related to this
pathway including MHC class Ict, MHC class IP antigen, proteasome subunit5
significantly increased. TAP protein was also increased but less than 2-fold change.
The reason why Gram-negative structural components seem to preferably stimulate
alternative MHC class I pathway is unlmown and required further study.
      Among the genes specifically up-regulated in response to E. tarda bacterin,
the G-protein pathway needs special mention. G-protein or guanine nucleotide-
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binding proteins are signal transducer involved in the cell, linking extracellular signals
to downstram effector proteins in the cytosol and nucleus (Neves et al., 2002). Early
up-regulated ofG-protein coupled receptors suggest an increasing level of leukocytes
activities. G-protein coupled receptor specific for many type of ligands including N-
formylmethionine (residues found in all bacterial protein) (Abbas and Lichtman,
2003), Cytohesinl, a protein abundant in cells of the immune system, had been
identified as a regulator of beta 2 integrin inside-out regulation in immune cells and
shown to be involved in mitogen-associated protein kinase signaling in T-helper cell
activation and differentiation (Kolanus, 2007). We found RAPIA, a member of RAS
family, induced at 3 day post vaccination. This protein was reported as an essential
factor for integrin-mediated regulation. In macrophage, RAPI is sufficient for
functional activation of a complement receptor 3, thereby allowing phagocytosis of
C3/bi-opsonized targets (Caron et al., 2000). In addition, T and B cells derived from
RAPIA knockout mice had decreased adhesion properties to the extracellular matrix
protein, fibronectin (Duchniewicz et al. , 2006).
      In contrast to E. tarda-bacterin, a small number of known genes induced by S.
iniae bacterin prevent us to picture the outstanding pathway specific for host response
to Gram-positive. Among those with kriown putative function, we found two enzymes
associated with antibacterial activities; apolipoprotein A-I (ApoA-I) (Concha et al.,
2004) and cathepsin F regulated in response to S. iniae bacterin. Cathepsins are found
in some hepatocytes and big macrophage-like cells in head kidney of Atlantic salmon
(Nemova et al., 1994, Tahtinen et al., 2002) while apolipoprotein A-I found in
primary defense baniers in fish such as epidermis, gills and intestinal mucosa
(Villarroel et al., 2007). Both of them possess 1ytic activity. Moreover, human
cathepsin F is found to be efficient as cathepsin S in MHC class II-invariant chain
degradation, MHC class II maturation and antigen loading, thus facilitate bacterial
clearance by phagocytosis (Shi et al., 2000). A hormone, thioredoxin, was also early
up-regulated. This thioredoxin cytokine was proved to acts as a B cell growth factor
in channel catfish (ItrLayat et al., 2001). Large portion of genes with transcription
induced by S. iniae-bacterin remains urtlmown. Some of them, for example three
cDNAs which the expression were further validated by RT-PCR, seem to be favorable
during the immune response to Gram-positive bacterin. Nevertheless these genes
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required further studies to identify their function which might be related to protection
                            'against bacterial infection.
      In conclusion, we have investigated the transcriptional gene expression
                  '
                      'profiles of Japanese flounder head kidney following S. iniae- and E. tarda-bacterin
vaccination. Differences of transcriptional profiles in response to two different
bacterins suggest that cell wall-associated components are important targets for host
recognition. This screening strategy using microarray assay is usefu1 tool for
identifying novel differentially expressed genes which can subsequently be
characterized in further studies.
Table 3 Up-regulated genes in 'response to Formalin-killed S. iniae or E. tarda
StimulantandStimulation eriod
Putative gene preduct name Gene ID  Formalin-killed S. iniae
3h ID 3D
 Formalin-killed E. tarda
3h ID 3D
Group 1 Up-regu[ated genes in response to beth Formalin-killed S. iniae and E. tarda
Immune response
Complement C3
MHC II invariant c.hain
Interleukin-IS
Beta-2 microglobulin precursor
galectin like protein
B lymphocyte cell adhesion molecule
Energy pathway
L-lactate dehydrogenase M chain
L-lactate dehydrogenase A chain
hydroxy-delta-5-steroiddehydrogenase
Purine nucleoside phosphorylase
NADH dehydrogenase subunit-1
Ubiquinol-Cytochromee C reductase
core protein II
Pyruvate kinase
Chicken type lysozyme
Ornithine decarboxylase antizyme
6-phosphofructo-2-kinase
Cell growth
Microtubule
Profilin 2
Unknown function
p47phox
similar to Cnfu protein (Cornifelin)
Nucleic acid metabolism
Nuclear pore complex protein
retinoblastoma binding protein 5
zinc finger CCCH-type containing 7B
Protein metabolism
Proteasome subunit (PSMB lO)
Ribosomal protein S22
ribosomal protein S20
Hsc71
HSP 90P
proteasome activator subunit 1
Cystatin precursor -
LA4(6)
L81
B79
Y15
LHIO(4)
B738
V35
Vll
B710
M32
OL3l
B91
JFSI-035
WB2-15
WAI-21F
LA6(3)
brlC02 E02
056
Y31
Bl14
WHII-23R
WC12(6)
V92
WG5(2)
WF6-17R
WF6-17F
WF12(1)
066
LG3(3)
LD8(10)
-20.247
 2.2i6•
3.239
 O.269
 O.615
 1.388
 2.553
 21424
 .4:55 ,
 1.372
 1.638
 O.75
 O.398
 O.638
 O.435
ND
O.724
O.883
O.604
O.833
1.998
3.001
'4.524
1226
1.102
1.162
1.057
O.316
O.383
1.163
ND
.2.879'
ND
1.111
l.048
1.548
 ND
 l.911
 O.73
 2,075
 O.91
 1.402
 127
 1.007
 158
ND
10,2. 97
1.83
ND
1.464
O.907
1.377
2.039
3.Q4.9'
1.177
O.922
2.001
2:O02
2.236
1.097
ND
1.293
1.735
'2.22'
2.493
2.437
5 221
3.083
10.525
O.753
1.283
1.109
 i.168 7.22-
 2.298. 6.303
., 21569 2•,652
 O.811 -.'3225'
 2.3151 ' i2:-lll-
  ..
  /.
 2.s6s ' o.673
,4108 1.313
'4.542 O.845
        1.002 2:O17
11219 ND
1.653
.2343
2,l21
 27
2.003
1562
2388
2.921.
2.313
2.352.
1.362
O.706
O.744
2,283
1.439
O.883
1.49
l.991
2.143
2.633-
IO.207
1259
O.873
1.093
1.155
O.921
O.525
1.201
ND
1.288
O.771
1.457
1.564
O.818
ND
2.189-
1.717
4.903
4.664
21279
 ND 1.721
 O.365- 2L92
 l.112 1.279
 O.61 2.531
        2.977. 1.07.
 0.28 '31.96
 O.703 4,678-
 ND 4.391
 O.576 2.254
ND 7,7e7
6.603
O.609
O.302
0588
O.973
O.754
1.657
-1.035
O.842
1,02
L181
O.858
1.642
O.634
6.188
2.663
2.9.97'
9.378-
2.036
1.668
2Jll
4.309
2.926
-2.045
3,895
10.I863 -
3.I74
2.679
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Stimulant and Stimulation eriod
Putative gene product name Gene ID  Formalin-killed S. iniue
3h ID 3D
 Formalin-kiiled E. turda
3h ID ' 3DRibosomal protein L2
HSP70
glycyl-tran synthetase
Elongation factor alpha
Ribosomal protein L7
Proteasome alpha 2
brlC07 A04
B675
B230
B216
B109
WH12(4)
O.562
4.179
O.531
O.515
O.689
1.057
 1.012
ND
 -41249
 3.292
 1.724
 -2.174
 2.074
ND
  1.194
 '2L309
 1.958
1.05
O.747
1.147
O.875
O.748
O.919
O.963
ND
21488
1.069
O.884
O.91
3 ,O' 08
3.035
6.569''
.61-085' .
'8,186
6.234
Signal transduction
CC chemokine
Chemokine receptor-rike protein
Ras homolog gene family, member G
brlC02
B882
B852
mE07 2.152
2.197
O.394
ND
ND
  1.287
ND
3.08S
2.472
2.88
5:8. 26
O.672
ND
1.612
O.296
 2.2
2.572
2.861
Transport activity
Fenitin middle subunit
     ,
B504 1.032 3:05,7 1.387 O.952 O.935 2.522
Unknewn
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknewn
Unknown
Unknown
Unknown
Unkfiown
Unknown
Unknown'
Unknown
Unknown
Unknown
Unknown
WFI-21F
wn7-8R
WF5-14
WE3(5)
WC3-13R
WB4-17F
WB1-20
M91
LE3(5)
LD2(6)
LA9(10)
kidlC-L CII
kidlC-I C04
kidlC-
G HII
kidlC-E F02
kidlC-
B G09
kidlC-B BOI
kidlC-
B A08
JFSI-053
JFS1-O06
jtkOO02/F(Bl
5)
HC5(1)
brlC02 C02
B613
B148
BII41
O.539
O.881
O.699
1.064
1.612
O.935
O.715
O.903
O.708
1.106
O.604
1.186
1.011
O.726
O.889
2.464
O.683
O.825
 O.9
'O.624
.1 ... . 1.... 1.. .
 tt ttt tt t
2.332
   tt1.103
2.015
ttt
 1.697
O.875
7.338
   1.65.6.
  4.807
  1.105
  1.432
  O.758
  3ilO1
   l.76
--
 • 6263
  1.073
   1.83
   1.93
  1.405
O.73
ND
O.622
1.187
O.895
O.875
O.952
ND
2.964
3.287
4.078
  2.004
  1.363
  2-,474
 .2.495
  2.072
  1.174
  3.638
  6.505
  2.l22
  2.162
  7.488
" 2:•046
  2.3e5
2.06
1.375
2.113
2.36
2L369
2.559 ,
O.635
O.771
l.543
1.566
 1.7
l.97
O.72
O.935
1.181
1.675
1.581
1.092
1.515
1.757
1.808
1.952
1.695
l.637
1.45
O.977
1.287
1.934
1.556
1.474
O.848
 2.39'
  O.9
 2:092
- -2.627
 1.149
 6.436
  O.635
  1.746
   1.31
  1.101
  1.216
  O.895
  1.145
. 2.402'
   O.32
  O.709
  -ss4. 3il.
  0.469
  O.878
1256
O.542
ND
O.301
O.726
1.721
O.529
O.838
O.568
0587
1298
1.102
1.137
2:902
2r696
31133
 4.22
   tt.' 2;402
2,Ol-2
 tt
   '3.Q94
6.097'
.6.8t3.
 2.61
8,186 ..
'2.185
   '2-.663-
3.237
2:ll6
2.103
2.3e6
3.011
2.097
4.e34
O.862
2.S44
1.014
2.065'
3.023
5.038
Group 2 Up-regulated genes in response to Forrnalin-killed S. initze
Immune response
Complement factor
Limulin
rvfip-1-or
Complement control protein
Energy pathway
Cytochrome C oxidase subunitl
NADH dehydrogenase subunit 3
NADH dehydrogenase subunit 4
Thioredoxin
Acyl-CoA dehydrogenase
similar to Glycogenin
Antizyme inhibitor
JFL2-294 ND
L72              l.448
           tt t ttttt tttt tt/tt t t ttl ttMIPI-alpha ' .' ' 2;'142'
.. .JFM-059 2,.515
B384 O.924OL32 O.889brlC02-C05 ' 2.052'-
JFS3-031 2-.673
kidlC-J E12 ' 4.165
     -
   t t t tttttkidlC-P.E07 2.369
JFS2--265 2.01.3.
m1.218
mo
ND
O.945
1.088
O.892
ND
ND
ND
ND
' .2.'292'
 1.138
  ND
2.468
?.208
2.Q39
O.697
mo
ND
ND
ND
1.986
l.107
ND
1.283
1.124
1.302
O.659
ND
ND
1.988'
ND
O.343
O.805
ND
O.927
O.336
O.569
ND
ND
ND
ND
1.793
1.045
ND
1.219
1.706
1.35
O.403
ND
ND
ND
Cell growth
Restin
Osteoclast-stimulating factor
Nucleic acid metabolism
Replication factor C (Activator 1)2
Transcriptional regulator Id1
Transcription factor BTF2
Adenylosuccinate synthetase
kidlC-B
B906
F12
L70
WF8-20R
B954
WAIO(3)
2.284
3.43.9.
2.036
1.303
1.091
1.374
ND
1.746
O.885
O.999
2.171
2.697.
ND
O.519
O,732
2L311-
1.406
1.303
ND
O.731
O.877
O.899
O.887
1.303
mo
O.366
O.406
O.649
O.751
1228
O.766
O.634
O.638
1.674
1.659
l.45
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Putative gene product name Gene lD .  Formalin-killed S. iniae
3h ID 3D
 Formalin-killed E. tarda
3h ID 3D
Protein metabolism
or-2-macroglobulin-O
Cystein proteinase
signal peptidase
Eukaryotic translation intiation factor
4GI
DNAJ protein homolog 2(HSJ-2)
Gag-protease
JFLI-298
WE4-16R
WEIO-14R
kidlC-P F12
B768
kidlC-
A B08
     '
  mo
  2.006
  2.823
  2.7s4
      '
  '   tt
      '2.43
   '    ttt tt tt
  '' ..2.551
ND
2.788
ND
ND
ND
ND
2.503
1,189
ND
ND
ND
1.015
ND
1.253
ND
ND
ND
O.713
ND
1.029
ND
ND
O.43
O.919
ND
O.967
ND
ND
O.41
0238
Signal transduction
Tensin
calmodulin like protein
Amyloid protein AA
inositol polyphosphate phosphatase-
Similar to dedicater of cytokinesis 5,
partial
Retinoid X receptor alpha
Calcitonin gene-related peptide
integrin beta l
Nuclear receptor subfarnily 4 group A
ADP-ribosylation factor related
proteinl
LGI(7)
brlC06 Bll
B866
Y2
kidlC-J H12
OL53
OM
B83
B178
WF2(6)
  mo
, le.366
 .2i-376 '
 O.486
 '2.634
 2S75
 .5.415' -
 2:166
 1.471
ND
ND
1.846
2.387
O.881
ND
ND
ND
ND
2.383
i4. ;4Q5.
0.917
O.836
O.521
O.514
O.072
 ND
ND
 ND
1234
ND
O.672
O.882
O.47
O.578
O.342
ND
mo
O.608
O.835
ND
1.722
O.287
O.42 -
ND
O.127
1.091
ND
 O.5
O.743
ND
ND
O.291
O.585
O.202
O.32
ND
ND
O.148
1.393
Voltage-gated ion channel activity
Potassium voltage-gated channel,
shaker-related subfamily, member 1 brlC02 -H11 3.'584. ND ND ND ND ND
Transport
TAP2 protein
Apolipoprotein E
Apolipoprotein A-I
M30
LD7(2)
LG3(6)
2.048
.2.026
ND
O.596
2.065
2.041
O.829
ND
1.268
1.827
O.878
1.032
O.546
051
1.614
1.072
Unknown
Unlmown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknowii
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknovvn
Unknown
Unknown
Unknown
Unknown
Unknown
Unkr}own
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
LB3(8)
Y37
WD9-16F
Z25
brlC03 H06
brlC02 D06
kidlC-P D04
WB2(6)
WF8(1)
brlC07 A03
kidlC-
D E07
Bl182
kidlC-
N DII
WG5(3)
WD3(5)
WA8(1)
L145
Y83
kidlC-
M B06
brlC12 B04
brlC09 Hll
WC1(3)
B448
kidlC-
G DIO
kidlC-
D C09
WG3(3)
kidlC-E C12
WC6-21R
kidlC-F E02
kidlC-F B07
kidlC-E F12
kidlC-
1.689
O.915
1.327
O.511
1.355
1279
1.209
1.833
O.677
Z.276
t tt t 1 tltt
 t t tt
4.049
tt t2.ei5'
?.527
 1.68
2.085
 2.23
O.695
e-6.72
2.46' 7' .
2.479
2,324
1.398
3.316
2.592
2.283
8.531
1.302
2.217
2.268..
20.l66
5.928
1.02
1.753
O.86
1.597
1.18
1.439
O.525
ND
O.804
1.214
2.078
129
1.138
2.922
ND
ND
1.123
O.811
2.2-18
O.449
O.397
1.017
O.713
2.372
O.475
mo
O.185
ND
 Z..889 --
- 2.676'
,2.525
'2.376
 2.164
 2.l52
 2:069
'2.044
 2.013
 1.747
 1.637
 1.391
 1206
 l.l4
 1.027
 O.944
 O.938
 O.914
 O.879
 O.876
 O.826
 O.823
 O.82
 O.781
O.781
O.757
O.741
O.733
O.708
O.693
O.681
O.64
1.004
O.967
O.818
1.119
1.29
1261
1.953
O.966
1.63
O.704
1.249
1293
O.994
l.544
O.914
O.728
O.472
O.683
1.837
O.467
1235
125
O.711
O.536
O.761
O.442
O.949
O.553
O.549
O.614
O.052
l.939
O.536
O.96
O.569
O.568
O.078
O.486
l.409
O.476
O.902
O.501
O.942
O.791
O.776
O.515
1.028
O.804
O.817
O.865
1.873
O.751
O.896
ND
O.525
O.93
ND
O.669
O.728
ND
O.388
ND
1.26
1.987
1.73
1.842
O.869
1.719
O.313
1.868
l.649
1.892
O.294
O.824
1.512
1.74
O.978
O.605
1.684
O.641
l.291
O.585
O.574
O.607
O.779
ND
ND
O.73
ND
1.302
O.19
O.221
O.34
027
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Putatiye gene preduct name Gene ID.  Formalin-killed S. iniae
3h ID 3D
 Formalin-killed E. tutdo
3h ID 3D
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unkriown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Greup 3 Up-regulated genes in
response to fermalin-killed E. tarda
L AOI
kidlC-J G07
kidlC-
G B08
kidlC-
G B12
kidlC-
C G04
kidlC-J C12
kidlC-D F12
kidlC-
G C06
kidlC-
D AOI
brlC06 All
kidlC-
D C12
LG7(4)
kidlC-
H D08
kidlC-
E H03
kidlC-N F12
kidlC-E FIO
kidlC-
H HIO
LCIO(6)
L270
L327
brlC07 E09
kidlC-
C HOI
Z26
kidlC-N FIO
brlCIO B05
WB4-22F
kidlC-
B GOI
kidlC-
M E12
kidlC-P F02
kidlC-E F04
kidlC-
H H05
kidlC-
N A09
LBI(1)
kidlC-P HIO
kidlC-
M C04
3.147
2.766
2.773
2.566
2.739
16.244
'2143'
2.79
2221
2.756
2.77
-.4L23.4
.3.304
 -2. .2s7-
,2.3e8
 3.813
-3,771
 3.329
 3.-749
,2,622
 2.381
 lll23
' 29.738-
2.-l,l74
-1-6.382' -
 8.963
8. .33
6.8e3'
.5.652
tt' :2' s2-
3L40I.
3.131
2.093
2.056
O.32
ND
ND
O.774
ND
O.261
ND
ND
ND
ND
ND
m
wo
mo
O.827
O.801
O.76
ND
ND
ND
ND
ND
O.844
ND
O.405
ND
ND
wo
ND
ND
1.102
ND
ND
ND
O.636
O.635
O.599
O.58
O.573
O.572
O.566
O.562
O.553
O.531
O.493
OA73
O.453
O.444
O.44
O.424
O.404
O.381
O.377
O.368
0221
O.026
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
O.467
1.02
1.032
O.486
O.108
O.398
O.581
O.393
O.552
O.483
O.83
O.548
O.867
O.475
O.544
O.574
O.447
ND
O.309
ND
O.333
O.222
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
O.568
ND
O.806
O.99
1.581
O.716
O.699
O.207
O.822
O.133
O.841
O.589
O.717
O.466
O.192
O.372
O.674
ND
O.794
ND
O.437
O.O05
ND -
O.35
O.383
ND
ND
O.303•
ND
ND
O.388
ND
O.108
ND
O.13
ND
O.26
O.221
O,172
O.114
O.622
ND
O.667
O.202
O.487
O.483
O.264
0273
O.643
O.464
O.334
O.198
O.279
ND
O.68
ND
ND
O.171
O.223
1587
ND
ND
ND
ND
O.l86
ND
ND
ND
Immune response
T-cell activation Rho GTPase
activating protein isoform 2
CC Chemokine ligand4 (MIP-1b)
NOD-like receptor C
TNF (ligand) superfamily member 13b
Complement component c8 beta
Complement regulatory plasma protein
MHC class Ib chain
CD18
immunoglobulin D
NK-lysin
Clq-like 2
MHC class I antigen
MHC class I receptor
MHC class II antigen
B349
B74
B835
B894
JFL4-060 •
LD2(8)
M34
WH1O-9F
•K49
NK-lysin
L502
N22
R31
R41
O.86
1.005
O.822
O.823
ND
ND
1.346
O.83
O.719
ND
O.6
O.794
O.852
O.172
O.685
ND
1.264
O,799
ND
ND
1.226
1.363
ND
1.321
1.088
1.593
O.573
ND
1.497
O.584
l.354
ND
1.615
1256
1.481
1.062
ND
O.838
1.456
1.621
O.414
2.029
2.928
1.463
1.066
ND
ND-
1.323
1.56
O.696
ND
O.708
l.619
1.103
O.433
O.754
ND
O.575
O.722
2289
2,923
l.083
O.318
1.045
ND
O.475
O.42
O.541
ND
1.668
1.151
2,503
3.183
ND
ND
21284
4.003
-31413
3. .761-
5.658
3.345.
3.296.
4.232
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Putative gene product name Gene ID  Formalin-killed S.
3h ID
iniae
   3D
 Fermalin-killed E. tarda
3h ID ' 3DApoptosis activity
Natural killer enhancing factor Bl2e3 L153 1.493 1.039 1.278 . ,' 2.9.7.9.
Energy pathway
Cytochrome C oxidase subunit 2
Cytocrome c
Cytochrome C oxidase
mitochondrial ATP synthase FO
complex subunit C isoform 3
cytochrome c oxidase subunit III
ATPase subunit-6
NADH dehydrogenase subunit 1
cytochreme c oxidase subLmit I
NADPH oxidase cytosolic p47phox
seryl-tRNAsynthetase
Cytochrom c oxidase
Bll38
B888
B204
JFSI-079
OLIO
OL3
OL30
OL8
WC1-21F,-
21R
WFI(1)
Zl9
O.627
1,Ol5
O.381
O,627
O.588
1302
1.074
O.68I
O.538
1.326
O.628
O.807
'1.259
1.019
1.377
O.753
1.047
1.366
1.164
1.086
1.075
O.909
O.949
1.171
1.194
O.99
1.019
1.097
O.445
 O.5
ND
1.445
1.656
O.703
2,O' 86
1.455
O.973
O.902
1.054
1.514
O.632
e.652
1.589
1.171
O.706
1.298
O.394
O.862
O.834
O.618
O,341
O.419
ND
O.635
1,298
'3.l3'
2.e65-
3.837
2.315
2,436
2.521
 5.43
2.094
4.055
  ttt ttt
 'ttt tt
 t lttt
2.76' 6
3.024
Cell growth
myosin IG
similar to tubulin, alpha 3c isoform
Profilin
Microfibrillar-associated protein 4
Vinculin
microtubule-associated protein 1 light
chain
Pleckstrin
tissue inhibitor of metalloproteinase-2b
LEM domain containing 3 (inner
nuclear membrane)
WE5-8R
Y87
B274
LF4(9)
WB8--20F
WCIO-23F
WG7(l)
WE5(6)
B137
O.782
1.293
O.56
1.397
ND
1544
ND
1.168
O.915
O.896
1.243
ND
ND
ND
1.551
O.605
1.358
O.98
1.266
1.727
1.763
1.968
1.009
1.178
ND
1.683
1.168
 O.759
 1.361
 1.285
 2.801
 ND'
     ttt
 '2.o73.,-..
 t ttt /t ttt/tt tt /t
 '  ttt tt/tt
 5.894'
'2.591'
 2.•166
O.826
O.788
O.108
1.216
11.969
1.165
O.319
O.371
O.394
2.165
221
 3.9
O.413
1.466
1.287
1.734
1.504
Unknown function
dynein, light chain LC8-type 2
membrane-spanning4-domains,
subfamily A
Unnamed protein product
B228
Y26
brlC02 E09
O.699
O.769
1.05
ND
1.445
ND
ND
1.695
ND
O.591
1.873
2.052
2.149
1.192
O.882
O.87
3.994
1.346
Nucleic acid metabolism
Early growth response 2b
Immediate early gene 3
Splicing factor
DNA replication licensing factor
(MCM2 minichromosome
maintenance deficient 2, mitotin)
Transcriptional factor Jun-B
CCR4-NOT transcription complex,
subunit 2 (CNOT2)
Heterogeneous nuclear
ribonucleoproteinAl
HMG-T2 product
replacement histone H3.3
Kruppel-like factor 6
immediate early response 3
Ets transcription factor TEL-2b
cellular retinol-binding protein 1b
BIO02
B155
B264
B496
B726
B745
JFSI-072
L123
LDI(8)
V81
B498
WB9(7)
B727
ND
1.077
1.096
ND
1.788
ND
0218
e.691
O.511
1.e73
1.569
I.036
mo
ND
ND
1.316
ND
O.561
ND
I.204
1.477
1.517
1.824
1.563
ND
ND
mo
1.248
1.874
1.612
1.603
ND
1.l37
1.279
O.736
 15
1,039
ND
ND
  ND
 13.618
 O.798
. O.817
2.262
ND
1.205
O.931
O.926
1.282
4.623
1.912
ND
5.6
1.177
ND -
O.736
O.371
4.549
0233
O.31l
L131
  1
O.243
1.196
ND
ND
1.098
2.73
3:091
1.734
ND
2-i838
2-368
4..l76
1.741
2.242
3.794-
Protein metabolism
signal peptide peptidase-like 2A
Eukaryotic translation initiation factor
4M
Ribosomal pretein Ll8
Proteasome activator subunit 3
chaperonin containing TCP-1 delta
Ribosomal protein L32
Elongation factor 1 gamma
ribosomal protein large pO-like protein
Elongation factor 1
ribosomal protein S3
Ribosomal protein L3
heat shock protein 70 isoform 5
signal peptidase peptidase-like 2A
protein synthesis initiation facter 4A
B129
B134
B138
B404
B513
B56
-B747
B76
B900
K29
K34
L174
L201
M13
O.613
ND
O.435
O.843
O,296
O,857
O.298
O.746
O.377
O.471
O.486
O.656
O.499
ND
O.887
ND
O.808
ND
1.42
1.343
1.044
1.028
1.462
1.171
1.192
O.807
ND
mo
1.39
ND
1.24l
127
O.994
1,914
1.763
1.941
O.97
1.707
O.809
l.437
1.803
ND
1.284
1.I22
O.777
1.401-
1.029
O.677
O.81
O.953
O.581
O.288
O.758
Ll12
e.575
ND
1.651
mo
O.579
O.789
O.167
O.384
O.789
O.771
O.377
O.43
O.694
1.178
ND
3,172
2.886
4.997
2:339
2.63-1
51329
2.026
4.203
2.488
3.062
2.368
2.199
2.027
2.091
O.559
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Putative gene product name Gene ID  Formalin-killed S. im'ae
3h ID 3D
 Formalin-killed E. ttrrda
3h ID ' 3DCathepsin L
Ribosomal protein S3
Haptoglobin (Hp)
ribesomal protein L37
Ribophorin 1
Chaperonin containg TCP1subunit 5
ribosomal protein PO
ribosomal protein Sa (RPSA)
ribosomal protein L5
Cullin la
leukotriene A4 hydrolase
Proteasome subunit 5, beta type 1
60 s ribosemal protein 13A
40s ribosomal protein S14
ribosomal protein L27a
Ribosomal S3a
similar to Ubiquitin-63E. isoform A
ribosomal protein L6
LA6(6)
LB9(1)
LCIO(9)
LDIO(10)
M90
O17
065
R21
WCI 1-17F, -
17R
WD34
WD8-15
Y17
Y23
Y25
Y3
Y91
Y99
Zl1
O.496
Q.557
1.625
O.721
1.819
l.03
O.646
O.245
O.77
O.852
ND
ND
O.582
O.428
O.449
O.867
1.412
O.462
1.175
1.215
1.063
1.341
1.183
'O.842
1238
1.319
O.749
ND
ND
mo
O.727
O.892
ND
1.306
1.019
O.636
ND
1.101
O.622
O.852
1.149
1.011
1.724
O.827
1.148
O.804
ND
wo
1.238
O.687
mo
O.967
1.251
O.849
1.795
O.758
5.502
O.858
2.Q61
1.388
O.762
O.469
O.567
1.05
ND
ND
O.726
O.736
ND
O.748
1.774
O.705
1.154
O.713
1.308
O.782
O.647
O.964
O.978
0257
O.593
1.121
ND
O.886
O.045
ND
O.599
O.81
O.374
9.148'
3.274
1.847
1.545
2.074
2.208
2.82•1
5.l.36
ND
2.693
3.188
2.143
2.116
3.059
2.116
2.068
Signal transduction
Calmodulin
Calmodulin 1
protein tyrosine phosphatases epsilon
varlant
myeloid cell leukemia sequence 1-like
EDGI (Endothelial cell differnetiation
gene 1)
Myotubularin related protein 6
RAPIA, member ofRAS oncogene
faimily
Oligophrenin 1
Prosaposm
TNFR 1 precursor
pleckstrin homology domain
containing, family A member 2
septin 6
nlcastrln
Protein tyrosine phosphatase, non-
receptor type 7 isoform l
CD-63 like protein
Cytohesin 1-like protein
similar to G protein pathway
suppressor 1 isofor m 1
similar to G protein pathway
suppressor 1 isoform 1
importin 4 (IP04)
prostate stem cell antigen precursor-
like
similar to nuclear antigen Sp100
reticulon 3
G protein-coupled receptor 41
B601
R25
B152
B988
JFSI-057
L141
WB6(2)
WB9(3)
WD4-16F
WD5(5)
WE8-17F
Y97
Z13
B313
B704
kidlC-E
MO
L5
Q36
W3
E04
WC5(7)
WHIO-15R
Y90
O.698
1.544
1.05
1.122
O.425
O.65
O.696
O.609
O.482
O.883
O.49
1.139
1.239
O.905
1.265
ND
O.46
wo
O.397
1.067
0202
O.351
O.777
O.855
O.904
1.843
i.49
O.819
1.039
1.224
1.177
1.412
1.137
1.063
1.136
O.859
ND
O.737
ND
ND
mo
O.948
l.57
ND
ND
ND
1.356
1.821
1.203
O.939
Ll14
1.37
1.379
1.555
1236
1.68
1.48
L181
1.527
mo
1204
O.425
ND
O.521
1.01
ND
023
O.378
O.57
O.816
1.762
2.2e9
1.443
O.467
O.788
1.19
1.961
O.67
1.505
l.049
1.467
1.523
2.859
3.872
O.434
O.901
ND
l.026
ND
ND
ND
2.751
O.899
1.229
O.529
O.687
O.166
O.252
O.504
O.605
O.742
O.355
O.641
O.507
1.153
O.804
O.107 •
2.178
2259
2-.808
O.346
2.342
mo
2I391
O.587
21222
2.66
3:307
2.2'17
.2.304
-2.25
2.395
2.481
3.611
2.692.
4.8S8
2i086
2.105
1.19
O.19
O.353
O.664
2L094
ND
2.892
O.388
1.014
Transport activity
adenine nucleotide translocator s6
similar to dipeptidyl-peptidase
6(DPP6)
Solute carrier family 25 (mitochondral
carrier; phosphate carrier), member3
Lysosomal-associatedprotein
transmembrane 4
Transferrin
Synaptobrevie-like protein
B235
kidlC-
M BOI
L131
L80
WA2-8F
WA11-21R
O.82
ND
O.786
1.195
1.048
ND
1.828
mo
ND
O.889
1295
ND
1.615
ND
ND
1.571
1.762
ND
O.737
1.972
ND
. 2:112
1.13-
1.223
O.609
107.2'
2:5' 12.
1.177
O.913
11.387
3285
ND
mo
1.098
2.07
1.667
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
B161
B185
B210
B256
B284
B289
B410
ND
ND
O.656
O.804
O.72
1.33
ND
1.245
ND
O.776
ND
O.952
1.517
ND
1.879
ND
1238
1.201
1.933
1.556
O.558
1.653
ND
1.128
1.262
1.067
2.452
O.686
O.846
10.967.
0.988
1.384
O.541
O.838
2.824
2,072
ND
2.315
2285
2.s91
O.862
ND
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P"tative gene product name
Unknown
Unknown
Unknown
Unknowfi
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unnamed protein product
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Hypothetical protein
Unknown
Unknown
Unknown
Unknown
Membrane-spanning4-domains,
subfamily A, member 4
Unknovvn
Unnamed protein product
Hypothetical protein
Unknown
Unknown
Gene ID
B446
B453
B619
B691
B876
B95
brlC05 D02
brlC06 A09
brlC08 Hll
brlC09 E02
brlC09 FIO
brlCIO BII
brlCIO G09
brlCll A04
brlCll B06
brlC12 E08
brlC12 F12
E25
HB2(2)
HH3(1)
HH8(1)
JFSI-028
JFSI-076
JFSI-080
JFS1-O8l
JFSI-083
kidlC-
A A04
kidlC-
A-B07
kidlC-
A E02
ki-dlC-
B-C04
kidlC-
C A08 '
ki-dlC-
C-C08
kidlC-
E HIO
kidlC-F
kidlC-I
kidlC-
L D06
kidlC-
L D08
kidlC-
M B07
kidlC-
O G12
kitlC-
qDol
L268
LC6(9)
LD12(8)
LG8(7)
V9
E03
A04
WC2-9R
WC8-15F,-
15R
WEI-16F '
WE5-12F
WFI(3)
'WHIO-18R
Y135
Y29
Y32
Y57
Stimutant and Stimulation eriod
 Formalin-killed S. im'ae
3h ID 3D
 Formalin-killed E. tartla3h ID ' 3D1.39
I.191
1.113
O.585
ND
O.767
ND
1.728
ND
ND
ND
O.726
ND
ND
mo
1.5tva
1.37
O.811
ND
O.458
O.642
O.873
O.815
O.739
O.561
ND
1.194
1.214
ND
ND
ND
ND
O.632
l.61
mo
ND
1.196
1.049
O.825
1.458
O.592
1.71
ND
ND
O.942
O.751
1.392
O.91
O.875
O.83
1.167
O.94
O.662
1.944
1.178
1.435
ND
1.07
O.912
ND
O.848
ND
ND
ND
ND
ND
O.582
ND
ND.
ND
1.431
O.893
1.103
ND
ND
1.567
1.306
1.594
ND
1.154
1.004
1.199
1.132
ND
ND
ND
ND
O.569
O.657
ND
ND
1.796
ND
O.901
ND
O.818
O.896
ND
ND
O.993
1.873
e.369
1.384
1.121
ND
1.34
1.583
1.853
1.041
O.897
1.36
1.209
1.408
1.292
ND
1.377
ND
ND
ND
0264
O.307
O.998
O.45
ND
ND
1.521
1a603
1.455
ND
ND
O.831
1.486
1.244
ND
1.442
ND
1.749
1.627
O.485
O.775
ND
ND
O.923
1,151
ND
ND
1.781
ND
1.703
ND
1,648
1.309
wo
O.242
1.605
1.133
O.33
O.897
1.806
ND
1.619
1.016
1.327
1.072
1.684
1.623
2.324
O.962
2.Q43
2i192'
L315
 ND
2.859
O.568
 ND
4.489
O.683
2.359
 ND
 ND
2.811
-2.2s.7.
 1.377
--
 - 2.94 '
21089
 O.65
O.761
 1.218
2.113'
O.762
O.894
 1217
1.336
ND
3.425
ND
ND
O,749
O.509
ND
ND
1.717
16.437
1.734
2.076
O.544
2.05
2.138
ND
1.107 '
1.07
2.799
O.954
O.785-
1.222
1.35
1.63
O.457
2.899
1.323
O.934
ND
O.854
1278
O.345
O.785
3.72
O.373
2.616
7.559'-
O.394
2.186-
ND
10.5
2.463- .
O.35 -
O.303
O.387
O.212
O.568
O.337
O.546
O.668
 O.8
1.039
9.434
O.866
O.658
4.297
1,07
5.949
3.098
13.25-'
2'.265
3'i4l2 '
2.6-15
O.484
ND
O.824
O.679
O.463
O.529
O.32
O.406
O.928
O.881
O.973
O.818
O,815
O.742
O.345
O.38
O.679
Ll12
 1
2:068
1.07
2.736
2.979
O.823
2.161
ND
O.255
ND
O.623
1.504
O.481
O.691
ND
ND
2.371
1.448
2.668'.
1.069
O.929
2.578-
2.159
3.187
ND
4.824
O.972
2.337
2.002
O.705
2.977
O.311
ND
O.555
O.444
1207
2.272
ND
2.539
1.526
2.011
i3.307
6.863
3.325
-2:734
2.543
2.036
2.276
2.I07
3.338
2.355
4;205
3L618
1.279
2:878
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Chapter 3
Random genome analysis of
   Streptococcus iniae
Abstract
To understand the pathogenesis of Streptococcus iniae, we conducted a random
genome sequencing analysis of a virulence S. iniae strain to identify virulence-related
genes ofthis bacterium. The genome ofS. iniae was partially deteiTmined by a random
genome sequencing of plasmid- and phagemid- DNA libraries. The nucleotide
sequences were subjected to homology search by BLAST program and classified into
6 major categories by the putative functions. Twenty two putative virulence-related
genes were identified and categorized into 4 groups including extracellular enzymes,
metal iron uptake, autoimmune development factor and adhesion and invasion factor.
Keyword: Streptococcus iniae, virulence, pathogenesis, plasmid libraries
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 3.1 Introductien
       Slreptococcus iniae is Gram-positive cocci, growing in pairs or short chain. It
 is facultatively anaerobic, and catalase negative. It belongs to the family
 Streptococcaceae. The bacteria is well known as a bacterial pathogen of
 Streptococcosis affecting varieties of fish species and also caused severe economic
 losses in fish culture industry throughout the world (Agnew and Barnes, 2007).
       The pathogenesis of Streptococcosis of S. iniae remains poorly understood.
 Virulence factors and genes identified from S. iniae are relatively limited. At present,
 many studies point to polysaccharide capsule and genes required for capsule
 forrnation as virulence factors which important for the bacterial ability to avoid
phagocytosis and survival, especially in blood system in the host and thus promotes
the escape from the host immune defense (Locke et al. , 2007, Lowe et al. , 2007).
       Other human pathogen species in the genus Streptococcus have extensive
studied and the capsule has long been recognized as the major virulence factor. For
example, in S. pneumoniae, the 500/o lethal dose between encapsulated and un-
encapsulated strains was different. Encapsulated strains were found to be at least 105
times more virulent than strains lacking the capsule (Watson and Musher, 1990).
Encapsulated strains of the S. milleri group (SMG) inhibited more phagocytosis and
phagocytic killing ofPrms than the un-encapsulated strains (Kanamori et al. , 2004).
       Several phenotypic features of bacteria in genus Streptococcus especially
surface component have been long identified as the component related to their
virulence. Most of the group A, C and G Streptococcus strains were able to bind
fibronectin with their surface fibronectin receptors although the components of the
receptor differed from one strain to another, thus promoting specific attaciment to
exposed fibronectin (Switalski et al., 1982). M protein has been considered to be the
major surface component responsible for colonization. The surface fuzz of S.
pyogenes which contains M protein functions in the attachment of the organism to
epithelial surfaces, while the strains with pretreated with trypsin to remove their M
protein surface coating markedly impaired their abilities to attach to epithelial cells,
thereby reduction of its colonization (Ellen and Gibbons, 1972). Pneumococcal
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surface protein A (PspA) is a surface exposed protein, probably transmembrane
protein, with highly structural and antigenic variability between different
pneumococcal strains and found jn most of the clinical isolated of S. pneumoniae
(Crain et al. , 1990). PspA are required for fu11 virulence ofpneurnococci (Briles et al.,
1988) due to its function as lactoferrin-binding protein to overcome the iron limitation
(Hammerschrnidt et al. , 1999). PspA has proven to elicit antibodies protective against
pneumococcal infection (Talkington et al., 1991). Recently, interest in S. iniae has
been increasing due to many cases of streptococcosis in aquaculture caused by this
bacterium and several emerging Zoonosis S. iniae infection has been reported (Koh et
al. , 2004).
      With the developments in molecular biology, research in microbial
pathogenesis has changed from an approach of characterizing individual determinants
to a more global of analysis. In this study we conducted a random genome sequencing
of a virulence S. iniae strain to identify virulence-related genes of this bacterium.
Through random genome analysis we provide new information on numerous genes of
S. iniae, which are important insights into the pathogenicity ofthis bacterium. Several
genes coding for major surface structures were identified by sequence similarities
with other pathogens in which genome is available. Some of these genes might be
beneficial for the production of efficacious vaccines development.
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3.2 Materials and Methods
3,2.1 Bacterial strains and grovvth cenditions
      S. iniae strain HMBS, which was isolated from infected rainbow trout, was
grown on Todd-Hewitt medium supplemented with 10/o glucose at 260C. Bacterium
was identified as S. iniae using 16S rRNA gene sequencing (Fig. 1). E. coli strain
JMI09 was grown at 370C in Lubria-Bertani (LB) or with the appropriate antibiotics.
3.2.2 DNA manipulation and genomic DNA libraries construction
       To construct the libraries, genomic DNA from S. iniae was extracted using
modified extraction method (Jones and Bartlett, l990). A standard proteinase K
procedure was used. Briefiy, bacterial cell pellet was pre-incubated with lysozyme
(lysozyme lmg/ml, 1OmM Tris-HCI pH 8.0, 5mM EDTA), treatment with Proteinase
K (20mglpl), precipitation and washing DNA with isopropanol and resuspension of
DNA in 100pl of TE buffer. To construct a plasmid library, inserted DNA fragments
were generated by partial single enzyme digestion (Pstl). The DNA fragment were
electrophoresis and eluted from the agarose gel. The DNA fragments were ligated into
plasmid vector pUCI 18 predigested with enzyme Pstl (Takara, Japan). E. Coli JM-109
were transformed with recombinant plasmids by electroporation (Sambrook and
Russell, 2001). The recombinant plasmid were isolated by the alkaline lysis method
with minor modifications (Sambrook and Russell, 2001). For a phagemid library,
genomic DNA extracted from S. iniae was partially digested with enzyme Sau3AI.
The DNA fragments (2-6 kbp) were ligated into Zap express vectorlBamHI following
manufactory protocol (Instruction manual catalog#239212, Stratagene). Briefly,
recombinant lambda phages were packaged and partial phage libraries were converted
to phagemid clones by helper phage-mediated mass excision. Clones were grown up
individually and kept in -80 OC for further nucleotide sequencing.
3.2.3 Nucleotide sequencing and analysis
      The inserted DNAs in the recombinant plasmids or phagemid were sequenced
by capillary sequencer (Takara, Japan). The inserts in each clone were sequenced in
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 both directions using M13 forward and reverse primers for plasmid Iibrary, and T7
 and T3 for phagemid library. Chromatogram files fi'om the ABI 3130xl Genetic
 Analyzer were transferred to a Unix workstation and reanalyzed using the base calling
 software Phred (Ewing el al., 1998). Assembly of the sequencing reads and
 generation of the consensus sequence for each individual was performed using the
 program Phrap and analyzed using the program Consed (Gordon et al., 1998) to
 reduce redundant open reading frames.
       Sequencing data were analyzed by comparison with data deposited in
Genbank database (htt :!/www,ncbi.nlm.nih. ov). using the BLAST program
(Altschul et al. , 1990).
32.4 Classification ofgene fragments
      The gene fragments were manually classified into 6 different functional
categories according to the similarity of gene names and sequences followed a Gram-
positive bacterial categorized by DOGAN (Database of the Genomes Analyzed at
NITE, htt :!lwww.bio.nite. o.' ) as well as NCBI database.
3.3 Result and discussion
The total number of749 putative open reading frames (ORFs) ofS. iniae genome was
identified fi'om a total of 480 plasmid- and 864 phagemid- sequenced clones. The
functional classification shows 6 major categories (Table 1) including, cell develop
and cellular process (225 ORFs), intermediary of metabolism (188 ORFs),
information pathways (143 ORFs), other functions (56 ORFs), genes with similar to
unlmown protein (11e ORFs) and sequence with no similarity (27 ORFs). In a major
category `Other functions' included 21 genes with were subcategorized into
pathogenic-factors group. (Table 2).
Enzyme related- virulencefactor
                                          '
      Most of pathogenic bacteria are able to produce exotoxins, for example
hemolysins, enterotoxins which damaging effects on host cells and the immune
system. The main function ofthese enzymes, to bacteria, is to convert host tissues into
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 nutrients required for bacterial growth. In this report we found 3 extracellular
 enzymes showed similarity to Staphylococcal nuclease and lipase hyaluronate lyase
 and 1 enzyme related to capsule synthesis, hyaluronan synthase.
       Staphylococcal nuclease is one ofthe bacterial secretory proteins. It is a smali,
 Ca2'-dependent, extracellular enzyme produced by certain strains of Staphylococcus
 aureus. Secretion of nuclease unique in its calcium requirement, high pH optimum
 (pH 10.3), heat stability, and low molecular weight is an important criterion of
 pathogenic staphylococcal strains (Chesbro and Walker, l972). With nonspecific
 endo-exonuclease that digests single-stranded and double- stranded nucleic acids, this
 enzyme was speculated to provide the organism with considerable amounts of low
molecular weight nutrients from nucleoprotein which contained in large amounts in
inflainniatory exudates during the infection (Fox and Holtman, 1968). Also,
staphylococcal nuclease has been found to be leukocidal and is not neutralized by
specific antibody, it is possible that the enzyme may function in the formation of
staphylococcal lesions by protecting the bacterial cell from phagocytosis (Fox and
Holtman, 1968).
       Many different bacterial species and other microorganisms such as fungi
produced lipases. Lipase is a water-soluble enzyme that catalyzed the hydrolysis of
ester bonds in water-insoluble, lipid substrates (Svendsen, 2000). In general, lipase
activity is crucial for nutrition andlor dissemination of bacteria. The presence of
multiple secreted lipases is to aid in harvesting host lipids, which results in sticking to
host tissue and neighboring cells. Apart from that, it also plays an important role
during microbial infection. Lipases have been reported as a virulence-related factor in
varieties of bacterial species. Secretion of lipases aids bacterial invading during
infection. A study used several bacterial species from genus Burkholderia to
investigate a role of lipase in epithelial cell invasion by B. cepacia complex (Bcc)
strains. They found that pre-treatment of two epithelial cell lines with Bcc lipase
significantly increased invasion by two B. multivorans strains (Mullen et al. , 2007). In
case of Staphylococcal skin infection, production of lipase affect on inhibition of
chemotactic activity of immune cells. Pretreatment of human polymorphonuclear
(PMN) leukocytes with lipase inhibited the spontaneous migration of these PMNs.
Possible mechanisms could be that the microbial enzyme damaged surface structures
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of the iminune cells by binding to the leukocyte surface (Tyski et al., 1987). For S,
auieus, it has been postulated that its lipase enhances adhesion by degrading host
surface molecules, thereby liberating new receptors and subsequently supported the
adhesion to host cell (Furumura et al., 2006). The recent finding that the lipase GehD
of S. epidermidis can bind to collagen might constitute a novel role as an adhesin in
virulence (Bowden et al. , 2002).
      In addition to bacteria, fungi also appear to employ lipases in the pathogenesis.
In Candida parapsilosis, Lipase-negative mutant were more efficiently ingested and
killed by macrophage cells. Furthermore, biofilm formation and their growth were
significantly reduced in lipid-rich media (Gacser et al., 2007b). The production of
lipases can also affect microbial virulence. Another study using mutagenesis in C.
albicans found that the diminished oflipase 8 expression resulted in reduced growth
in lipid-containing media. This mutant deficient in lipase 8 gene was significantly less
virulent in a murine intravenous infection model (Gacser et al. , 2007a).
      Hyaluronate lyase is an enzyme in the large family of enzymes called
hyaluronidases which are produced by a number ofpathogenic Gram-positive bacteria.
It facilitates the spread ofbacteria by breaking down the hyaluronan polymers present
in the extracellular matrices of the host and aid initiate infections at the skin or
mucosal surfaces (Hynes and Walton, 2000). Hyaluronan is composed of repeating
units of D-glucuronic acid (1-B-3) N-acetyl-D-glucosamine (1-P-4) . The hyaluronate
lyase occurs at the glycosidic bond between these two residues (Li et al., 2000).
Another substrate for this enzyme is chondroitin sulfate, which is involved in
cushioning of surrounding structures and macromolecule transport. Cleavage of
chondroitjn sulfate could also be hypothesized to facilitate deep tissue penetration
during infection (Liu and Nizet, 2004).
      Hyaluronic acid or hyaluronan is an unbranched polysaccharide made of
alternating N-acetyl-D-glucosamin and D-glucuronic acid. It is found in the
extracellular matrix of vertebrate tissues as well as the capsule of several pathogenic
bacteria. Certain strains of bacteria in genus streptococcus synthesize this compound
as part of their outer capsule. Gene related to hyalui'onic acid synthesis in Gram-
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 positive bacteria, is reported namely hasA, which encode enzyme hyaluronan synthase,
 in Streplococcus equisin7ilis (Widner et al. , 2005). Gene hasA in S. pyogenes has been
 reported for causing the `delayed death' in mouse. Normally, when mice infected with
 wild type strain S, pyogenes, they suffered from acute phase of infection for a few
 days but recovered there after. These mice, however, began to die after 3 weeks of
 infection, which is called `delayed death'. A study was conducted using a hyaluronic
 acid synthase, hasA, knockout mutant. The hasA knockout strain did not cause
 delayed death, thought it caused acute death at high doses of infection (Iida et al.,
 2006).
Iron uptake
       According to factors for bacterial growth with some exceptions (Posey and
Gherardini, 2000), virtually all bacteria require iron for infection (Wright et aL, 1981).
In this study we found 2 ORFs related to iron uptake in S. iniae. One is ferrous ion
transport protein B and another is associated with cell surface, iron regulated heme-
iron biding protein. Iron limitation is one of the most important innate human
defenses against bacterial to inhibit the growth during bacterial infection. Although
iron is abundant inside the human body, the amount of free iron is well below the
levels required to support the growth of most bacteria, Evolution has provided
humans with multiple methods of preventing bacterial from acquiring this essential
nutrient. These include low solubility of iron at physiological pH, the intracellular
location of iron, and the sequestration of this ion within iron-binding proteins such as
the glyeoproteins transferin (in sera) and lactoferrin (on mucosal surfaces), or heme-
containing proteins (Bullen, 1981, Bezkorovainy, 1981). To overcome the iron
limitation by host defense mechanism, bacterial pathogens have developed specialized
systems to acquire iron from the hosts. To facilitate iron uptake, the free-living
bacteria and fungi have adopted several strategies. Some secrete compounds known as
siderophores that solubilized and bind to and external source of iron with high affinity.
The iron-siderophore complexes are then imported into the bacteria by specific
transporter proteins. In S. aureus, a pathogenic bacterium capable of varieties of
diseases, employ the iron from two principal iron sources found in mammals: diferric
transferring and the iron-porphyrin heme (Skaar et al., 2004). The investigators
showed that iron-regulated surface determinants (Isd) of S. aureus aid to bind human
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 hemoproteins, remove the heme molecule and then transport heme through the cell
 wall and plasma membrane for accumulation in the bacterial cytoplasm (Skaar and
 Schneewind, 2004).
       A number of iron regulated proteins have been identified including proteins
 TbpA and TbpB transferin-binding receptors (Ogunnariwo et al., 1997), FbpA
 homoloque in Pasteurella haemolytica (Kirby et al. , 1998). A 43 kDa Hemin-binding
 protein in Streplococus pneumoniae (Tai et al., 1997), HmbR protein from Neisseria
 menlngitidis which were able to bind biotinylated hemoglobin. This bacterial strain
 shown the ability to use hemoglobin-haptoglobin complexes as iron sources
 (Stojiljkovic et al., 1996). In Yersinia pestis the YfeAD transport system transports
 both Fe and Mn and is required for fu11 virulence in mice and for replication inside
 macrophages in vitro (Boyer el al. , 2002),
Autoimmune developmentfactor
       Group A streptococcal M proteins contain epitopes that crossreact with
sarcolemmal membrane proteins of human myocardium and myosin (Dale and
Beachey, 1986, Dale and Beachey, 1985). Evidence suggests that microorganisms
contain proteins which are similar enough to host proteins that they can stimu'late
existing B and T cells to respond to self proteins. The loss of immune regulation
during responses against microbial antigens cause of autoimmune diseases associated
with the infections (Cunningham, 2003). We found one ORF show similarity to
myosin-crossreactive streptococcal antigen, this protein might belong to a member of
M protein family as well as other M protein reported from other bacteria in genus
streptococcus.
Bacterial sw:ICace protein andpatkogenesis
      The ability to adhere to biomaterials is an important bacterial property,
commonly implicated in the colonization and infection. Most of Gram-positive
bacteria use their surface molecules to colonize or invade host tissues. Through
random genome analysis, we found 15 putative genes ofS. iniae showed similarities
to various surface proteins possess interaction with host tissue. Some oftheir putative
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 function involved with the adhesion and colonization in other Gram-positive bacteria.
 Thi'ee clones that we found were associated with fibronectin binding protein (Si5-F03,
 Si5-Fll and FIO-10). Many pathogenic bacteria possess the ability of their cell
 surface to support adliesion on biomaterial such as host cells. The initial attachment
 step is generally believed to involve hydrophobic interactions and these interactions
may be mediated by the autolysin of the bacterium. Previous studies reported many
fibronectin binding proteins from Gram-positive bacteria such as S. pyogenes (Sfb,
 Sfi3Pl, Sfbll, PrtE Protein F2) (Talay et aL, 1992, Kreikerneyer et al., 1995, Rocha
and Fischetti, 1999, Sela et al. , 1993, Jaffe et al. , 1996). S. dysgalactiae (FnbA, FnbB)
(Lindgren et al., 1993), S. epidermidis (FnZ) (Nilsson et al., 1998), Group G
streptococcus (Gfi)A) (Kline et al., 1996), S, aureus (FnBPa, FnBPb, Fib) (Jonsson et
al., 199l, Boden and Flock, 1994).
      Cell wall associated hydrolases are produces in many Gram-positive bacteria.
In Bacillus subtilis, the produced enzymes capable of hydrolyzing the shape-
maintaining and peptidoglycan layer of its own cell wall. Some of these
peptidoglycan hydrolases can trigger cell lysis and then called autolysins or suicide
enzyme (Ishikawa et al., 1998). A study, initially base on in siligo analysis, proposed
that an autolysin gene, aut which exist in genome ofpathogenic ListeTia innocua, but
not in non-pathogenic strain is responsible for its virulence. The hypothesis was
proved by providing evidence that this aut gene is required for entry of L.
monocytogenes into cultured non-phagocytic eukaryotic cells. They found that the
low invasiveness of an au-deletion mutant correlated with its reduced virulence
following intravenous inoculation of mice and oral infection of guinea pigs (Cabanes
et al. , 2004).
      Hemagglutination is property of molecules that function as adhesins. Bacterial
adhesion and hemagglutination are commonly mediated by surface strugtures that
interact with distinct domains of the target. Hemagglutinin is an antigenic
glycoprotein on cell surface of bacteria or virus. Its name comes from the protein's
ability to cause red blood cells to clump together. Some proteins possess
hemagglutinin domain as well as fibronectin domain such as the 160-kDa fibronectin-
binding protein of S, saprophyticus which also carry hemagglutination property. This
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protein bound in large numbers to histological sections of human ureters,
non-hemagglutinating bacteria did not bind (Meyer et al. , 1996).
whereas
       Biofilm formation is one of bacterial virulence, The ability to form a biofilm
of a certain bacteria such as S. epidermidis has been a topic of extensive research for
decades. The capacity of forming a biofilm on medical devices has been shown to be
a major cause of human infection. Biofilm forniation by S. epidermidis is a two-step
process and involves: 1) attachment of the bacterial cells to a polymer surface, or to
the host-derived matrix that has previously coated the polymeric device and 2)
accumulation to form multilayered cell clusters with cell-to-cell adherence mediated
by the production of a slimy extracellular matrix. Several genes have been found to
play important roles in biofilm formation of S. epideimidis (Vadyvaloo and Otto,
2005). For example, cell surface hydrophobicity, proteinaceous adhesin or the
capsular polysaccharide/adhesin. Bacteria in genus Streptococcus have been reported
to possess the capacity ofbiofilm formation. These bacteria are found to be causative
agent involved with dental diseases. Viridans streptococci, such as S. gordonii, are
pioneer bacteria that initiate the formation of biofilms on tooth surfaces kriown as
dental plaque. The dental plaque forms, similar to those on medical devices, by two
distinct sequential steps: adhesion of early colonizers to host tissue components and
then time-dependent accumulation of multi-Iayered cell clusters embedded in a matrix
ofbacterial and host constituents (Loo et al. , 2000).
      Surface localized proteins, penicillin-binding proteins (or MecA-protein), are
traditionally known for their role in the biosynthesis of cell wall peptidoglycan (PG).
P-lactam antibiotics inhibit the synthesis of PG layer by irreversible binding of the
drug to the enzymes involved in cell wall synthesis. The fact that penicillin co-
valently binds to these enzymes has led to name them as penicillin binding proteins
(PBPs). These proteins are divided, according to size, into tliree classes between hight
and low molecular weight protein. Low-molecular weight (with a mass of
approximately 40 kDa) PBPs and class A and B high-molecular weight (with a mass
of 50-100 kDa). They differ in copy number and function, usually the low molecular
weight proteins being more abundant and less important. Low-molecular weight PBPs
are monofunctional carboxypeptidases that are involved in regulating the number of
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peptide cross-links some have changed into penicillinase enzymes that can degrade
the antibiotic and endow the cell with penicillin resistance. The high molecular weight
proteins are important enzymes in cell wall synthesis and may overlap in their
function (Banai et al., 2002). The high-molecular weight PBPs class A are
bifunctional proteins with both transpeptidase activity and glycosyltransferase activity,
which is required or the polymerization of the glycan chains (Hamilton et al., 2006).
Recently PBP-la of Group B streptococcus (GBS) was suggested to mediate the
resistance to alveolar macrophage and antimicrobial peptides, thereby promotes the
survival of GBS in the neonatal lung (Jones et al. , 2007).
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Table 1 Functional classification of Streptococcus lnzae gene sequences
Funetional eategory
Number of
the sequence
Percentage of
each category
 l. Cell envelope and cellular processes
    cell wall
    Transport!bindifig
    Sensors (signal transduction)
       Membrane bioenergetics (electron transport and ATP synthase)
       Protein secretion
       Cell diyision
       Sporulation
       Transformationlcompentence
Total
2, Intermediary ofmetabolism
   2.1 Metabolism ofcarbohydrates and related molecules
   2.2 Metabolism ofamino acids and related molecules
   2.3 Metabolism ofnucleotides andnucleic acids
   2.4 Metabolismoflipids
   2.5 Metabolismofcoenzymesandprostheticgroups
   2.6 Metabolismofphosphate
   2.7 Metabolismofsulfur
Total
3. Information pathways
   3.1 DNAreplication
   3.2 DNAmodificationandrepair
   3.3 DNArecombinatien
   3.4 DNApackagingandsegregation
   3.5 DNAsynthesis
   3.6 RNAsynthesis
   3.7 RNAmodification
   3.8 Proteinsynthesis
   3.9 Proteinmodification
   3.1O Protein folding
Total
4. 0ther functions
   4.1 Adaptation to atypical conditions
  4.2 Detoxification
  4.3 Phage-relatedfunctions
  4.4 TransposonandIS
  4.5 Pathogenic factors (toxins and colonization factors)
Total
5. Similar to unknown protein
6. No similarity
26
138
9
20
l3
16
2
1
225
73
47
24
25
l6
1
2
188
22
11
8
3
1
28
l4
36
15
5
143
8
3
7
16
22
56
1IO
27
30.04
25.10
19D9
7.47
I521
3.73
Total ORFs 749 !oo
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Table 2 Putative virulence-related
                .geome sequencmg
genes ofStreplococcus iniae identified b y random
Categories Gene ID Putative namelfunction Organisms Amino
acid
Identity
 (o/o)
E-value
Enzymes
Metal iron
uptake
Autoiminune
development
factor
Adhesion
and invasion
Si4-D04
Si2-F03
Ctg12
Ctg46
Si2-H08
FIO 31
Ctg50
Si5-F03
Ctg89
Ctgl02
Si5-Fl1
Fle 10
Si2-G07
Si2-H09
Si3-E08
Si3-A07
Si3-H06
Si3-G02
Si5-H04
Si4-C04
Ctg2
ctgl1o
Staphyloceccal nuclease family
protem
Lipase
Hyaluronate Iyase
Hyaluronan synthase
Iron-regulated heme-iron
binding protein
Ferrous ion transport protein B
Myosin-crossreactive
streptococcal antigen
Cell wall associated
fibronectin-binding protein
Cell wall associated hydrolase
Cell wall associated hydrolase
Fibronectin binding autolysin
Fibronectin binding protein B
EIastin binding protein
Biofilm-associatedpretein
Biofilm-associated protein
Biofilm-associated protein
Intercellular adhesion protein
(fcaC)
Streptococcal haemagglutinin
protein
Penicillin binding protein
Penicillin binding protein
Penicillin binding protein
MecA-like protein
S. epideiamidis
S. warneri
S, agalactiae
Streptococcus ub
S. aureus
S, mutans
S, agalactiae
eris
S, aztreus
Canrpylobacter lari
C, lari
S. caprae
S, auretts
S, epidei"midis
S. epiderniidis
S. simulans
S, hyicus
S. epidertnidis
S, epidei'midis
S. epidermidis
S. epidei`niidis
Lactococcus lactis
L. Iactis
16125
20146
168f292
2151264
581216
l6I1226
l73/217
561136
951122
80199
701168
321112
511127
1131215
931199
48179
1031167
24136
2031228
1241167
1461232
43173
39
35
57
81
77
71
87
81
77
80
60
28
40
52
47
60
61
53
89
74
62
58
O.12
3
IE-88
lE-124
7E-13
3E-80
1E-112
4E-l4
IE-52
6E-70
1E-24
IE-04
4E-18
I E--55
1E-41
4E-25
2E-51
6E-06
1E-116
4E-80
IE-87
7E-17
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       In addition to virulence and pathogenesis factor, we found a number ofclones
related to bacterial cell wall. Many ORFs showed high similarity to LPxTG cell wall
surface anchor protein and cell wall surface anchor family protein (Table 3). The
members of LPxTG protein family are basically protein that anchored and located at
cell surface by covalently linked to the ce!1 wall. The covalent linkage is dictated by a
sorting signal made of a LPxTG motif followed by a hydrophobic domain made of
about 20 amino acids and a tail of positively charged amino acids (Cossart and
Jonquieres, 2000). LPxTG motif is a specific structural feature of Gram-positive
bacteria that can be identified in the sequence ofthe proteins and are involved in their
specific properties. Gram-positive pathogenic bacteria display proteins on their cell
surface that may interact with host cell and tissues and might play a role in virulence.
Our 5 clones found in this plasmid libraries and reported fibronectin binding protein
formerly mentioned, they all belong to the LPxTG-anchored protein family. Due to its
sui'face location, attention should be paid to this group of protein in its possibility to
serve as a target protein antigen for vaccine development.
Table 3 Putative genes related to cell wall and surface proteins
Gene ID Putative namelfunction Organisms Aminoacid Identity E-value
           (o/e)
Si5-CIO
Si5-AOI
Si3-F04
CtglO9
Ctg68
Cell wall surface anchor family protein
Cell wall surface aRchor family protein
LPxTG cell wall surface anchor protein
LPxTG cell wall surface protein
Bifunctional protein glum
S, epidei'midis
S. epidei"ntidis
S, aureus
S. gordonii
L. Iactis
541200
691i08
921200
2381597
1321194
80
64
46
39
68
6E-14
IE-30
3E-45
1E-l12
2E-72
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Fig. 1 The aligned sequences ofStreptococcus iniae strain HMBS that was used in this study and 16s ribosomal RNA sequence ofother S. iniae
strains available in GenBank database(DMI5422, Dan 1, ATCC29178). Asterisks indicate identical nucleotides in a majority of the sequences.
Dashes indicate gaps introduced to improve alignment, while dots indicate different nucleotide between each other.
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1:AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTAGAACGCTGAGGATTGGTGCTTGCA
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16:CTAATCCAAAGAGTTGCGAACGGGTGAGTIVXCGCGTAGGTAACCTACCTCATAGCGGGGGA[rAACTATTGGAAACGATAG
58:CTAATCCAAAGAGTTGCGAACGGGTGAGTAACGCGTAGGTAACCTACCTCATAGCGGGGGATAACTATTGGAAACGATAG
81:CTIVXTCCrmGAGTTGCGAACGGGTGAGTAACGCGTAGGTAACCTACCTCATAGCGGGGGATAACTATTGGAAACGATAG
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 96:CTAATACCGCATGACACTAGAGTACACATGTACTTAATTTIVXAAGGAGCAATTGCTTCACTATGAGATGGACCTGCGTTG
138:CTIVXTACCGCATGACACTAGAGTACACATGTACTTAATTTAAAAGGAGCAATTGCTTCACTATGAGATGGACCTGCGTTG
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176:TATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
218:TATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
241:TATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
151:TATTAGCTAGTTGGTGAGGTZVtCGGCTCACCAAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA
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HMBS.gnu
256:CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCIVXTGGACGGAAGTCTGACCGAGCAACGCC
298:CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGGAAGTCTGACCGAGCAACGCC
321:CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGGAAGTCTGACCGAGCAACGCC
231:CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGGAAGTCTGACCGAGCAACGCC
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336:GCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGAGAAGAACGGTAATGGGAGTGGAAAATCCATTACGT
378:GCGTGAGTGAAGAAGGTTTTCGGATCGTAIUXGCTCTGTTGTTAGAGAAGIVXCGGTAATGGGAGTGGAAAATCCATTACGT
401:GCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGAGAAGAACGGTAATGGGAGTGGAAAATCCATTACGT
311:GCGTGAGTGAIXGAAGGTTTTCGGATCGTrmGCTC[rGTTGTTAGAGAAGAACGGTAATGGGAGTGGAAAATCCATTACGT
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iniae DM15422slach03.gnu
iniae Dan 1.gnu
inÅ}ae strain ATCC29178.gnu
HMBS.gnu
416:GACGGTAACTAACCAGAAAGGGACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTCTCGAGCGTTGTCCGGAT
458:GACGGTAACTAACCAGAIVXGGGACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTCTCGAGCGTTGTCCGGAT
481:GACGGTAACTAACCAGAAAGGGACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTCTCGAGCGTTGTCCGGAT
391:GACGGTAACTAACCAGAAAGGGACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTCTCGAGCGTTGTCCGGAT
    Sktttk+Sdet**tt*t**ttÅ}tttdetrk*tt*tS"t*tÅ}t***t*****k*tÅ}**detttttt**"*t***de*-k+de*-""+
495
537
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iniae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
496:TTATTGGGCGTAAAGCGAGCGCAGGCGGTTCTATAAGTCTGIVXGTAAAAGGCAGTGGCTCAACCATTGTATGCTTTGGAA
538:TTATTGGGCGTAAAGCGAGCGCAGGCGGTTCTTTAAGTCTGAIXGTTAAAGGCAGTGGCTCAACCATTGTATGCTTTGGAA
561:TTATTGGGCGTAAAGCGAGCGCAGGCGGTTCTATAAGTCTGAAGTAAAAGGCAGTGGCTCAACCATTGTATGCTTTGGAA
471:TTATTGGGCGTAAAGCGAGCGCAGGCGGTTCTATAAGTCTGAAGTAAAAGGCAGTGGCTCAACCATTGTACGCTTTGGAA
    ttrkt***t*det**ttt*t***tttsc*tde-*t* tttt**-t++Sde "*t+*-"t*trk"Å}tt*tt"t**t* *"t*t**tk
                                  i- -
575
617
640
550
in'iae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
576:ACTGTAGAACTTGAGTGCAGAA,GGGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCG
618:ACTGGAGAACTTGAGTGCAGAAGGGGAGAGTGGAATTCCATGTGTAGCGGTGmaTGCGTAGATATATGGAGGAACACCA
641:ACTGTAGIVXCTTGAGTGCAGAAGGGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCG
551:ACTGTAGAACTTGAGTGCAGAAGGGGAGAG[rGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCG
    -t*de *+ttttrk-rk-*des**"*tt*ts"t*+Å}*"Å}k-t*tt*Å}t*t**t*t***tttttt****tt**t"*Å}Å}t+*+*"
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inÅ}ae DM15422s!ach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
656:GTGGCGAAAGCGGCTCTCTGGTCTGTAACTGACGCfi]GAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGT
698:GTGGCGAAAGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGT
721:GTGGCGIVXAGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGT
631:GTGGCGAAAGCRGCTCTCTGGTCTGTMACTGACGCTGAGGCTCGAIviAGCGTGGGGAGCmaCAGGATTAGATACCCTGGT
    *Å}*tÅ}*t*t** tttt*t**tt**t* +*t*S--"trktde**t+trk de**kSttttttt*rktt*t*tt*tt*-*trkikttt*
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inÅ}ae DM15422slach03.gnu
iniae Dan 1.gnu
Å}niae strain ATCC29178.gnu
HMBS.gnu
736:AGTCCACGCCGTAAACGATGAGTGCTAGGTGTTAGGCCCTTTCCGGGGCTTAGTGCCGCAGCTAACGCATTAAGCACTCC
778:AGTCCACGCCGTAAACGATGAGTGCTAGGTGTTAGGCCCTTTCCGGGGCTTAGTGCCGCAGCTAACGCATTAAGCACTCC
801:AGTCCACGCCGTmnCGATGAGTGCTAGGTGTTAGGCCCTTTCCGGGGCTTAGTGCCGCAGCTAACGCATTAAGCACTCC
711:AGTCCACGCCGTAAACGATGAGTGCTAGGTGTTAGGCCCTTTCCGGGGCTTAGTGCCGGAGCTnnCGCAT[IrAAGCACTCC
    tSt"S+tSttt**tttdedet**ttt*tt*tt**tttrkkÅ}ttt**t*Å}t*ttt*t"*ttl rkdeÅ}t*tkt*tt***+. "tt*tk
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iniae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
816:GCCTGGGGAGTACGACCGCAAGGTTGAAACTCIVtA-GGAATTGACGGGGGCCCGCACIVXGCGGTGGAGCATGTGGTTTAA
858:GCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAA-GGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
881:GCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAA-GGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
791:GCCTGCGGAGTACGACCGCAAGGTTGIVtACTCIVtlVXGGAATTGACGGGGCCCC--ACPLAGCGGTGGAGCATGTCGTTTAA
    tt**ik "***+tÅ}tde"rkt*t-S++*det**l*"t+- tlttikk+tkttft** ttÅ} **tÅ}t*tt*"**tt*ttt St*rktrk
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iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
895:TTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTCTGACCGTCCTAGAGATAGGATTTTCCTTCGGGACAGA
937:TTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTCTGACCGTCCTAGAGATAGGACTTTCCTTCGGGACAGA
960:TTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTCTGACCGTCCTAGAGATAGGATTTTCCTTCGGGACAGA
869:TTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTCTGACCGTCCTAGAGATAGGATTTTC-TTCGGGACAGA
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iniae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
 975:GGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATT
1O17:GG[rGACAGGTGGTGCATGGTTGTCGTeAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATT
1040:GGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATT
 948:GGACACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATT
     t* -"tttWt*ttrktt**+*t"*Å}t*Å}det**tÅ}+tt"t++*-tdet*k-+-ttttrk*tkk**--"ttt+Å}tt"Xt*tt"*
1054
1096
1119
1027
Å}niae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
1055:GTTAGTTGCCATCATTIXAGTTGGGCACTCTAGCGAGACTGCCGGTAATAAACCGGAGGAAGGTGGGGATGACGTCAAATC
1097:GTTAGTTGCCATCATTAAGTTGGGCACTCTAGCGAGACTGCCGGTAATrmCCGGAGGAAGGTGGGGATGACGTCAAATC
1120:GTTAGTTGCCATCATTAAGTTGGGCACTCTAGCGAGACTGCCGGTAATmoCCGGAGGAAGGTGGGGATGACGTCAAATC
1028:GTTAGTTGCCATCATTAAGTTGGGCACTCTAGCGAGACTGCCGGTAATmaCCGGAGGAAGGTGGGGATGACGTCAAATC
     tft++ktk++t+"+ttt*S*ttt"*-ik+dede"*detttk*Sttt***t*t*tt--*tt+*Å}Å}rk*XÅ}tt*Å}tt*t*****trk**
1134
1176
1199
1107
Å}niae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
1135:ATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGTTGGTACAACGAGTCGCAAGCCGGTGACGGCAAGCTAA
1177:ATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGTTGGTACIUXCGAGTCGCAAGCCGGTGACGGCAAGCTAA
1200:ATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGTTGGTACAACGAGTCGCAAGCCGGTGACGGCAAGCTAA
1108:ATCATGCCCCTTATGACCTGGGCTACACACGTGCTACIVXTGGTTGGTACAACGAGTCGCAAGCCGGTGACGGCAAGCTAA
     *SttrkÅ}scSde*Å}ttt*ttS**rkt**Å}tt*trk**Å}rktt*"t**ttt*t-**tde***t*rktt"*t*"-*fttttttklk-*scÅ}*
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1279
1187
inÅ}ae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
1215:TCTCTTAAAGCCAATCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGAATCGCTAGTAATCGCGGATCA
1257:TCTCTTmeGCCAATCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGIVXTCGCTAGTAATCGCGGATCA
1280:TCTCTTAAAGCCAATCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGAATCGCTAGTAATCGCGGATCA
1188:TCTCTTAAAGCCAATCTCAGTTCGGATTGTAGGCTGCIVLCTCGCCTACATGIVkGTCGGAATCGCTAGTAATCGCGGATCA
     "*ik+"t*+t+*"**tt+scde*tSX*+*t**"sc*-**kt**tttt*"*+***tSÅ}k*****k*tttttt*rk**t*t*tttt*
1294
1336
1359
1267
'iniae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
1295:GCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTG------------------
1337:GCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGT
1360:GCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGT
1268:GCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGT
     *ttttttt+**t*tXsct*tt*Å}Å}Å}**tSl**tt**t*+*def*ttde-+t*kt*tf**kttkStt
1357
1416
1439
1347
iniae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
No 2.gnu
iniae DM15422slach03.gnu
iniae Dan 1.gnu
iniae strain ATCC29178.gnu
HMBS.gnu
1357:-ff----u----------.--"--H-------i-H.---n.---.N----------"------------.-.---.m---T-----"H----.-L-----
1417:GAGGTAACCTTTTAGGAGCCAGCCGCCTAAGGTGGGATAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTA------
1440:GAGGTAACCTTTTAGGAGCCAGCCGCCTAAGGTGGGATAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAA
1348:GAGGTAACCTTTTAGGAGCCAGCCGCCTAAGGTGGCATAGATCATTGGGGTGAAGTCGTAACAAG---------------
     ------------l---------------------- ------ -----------ny----------
1357:----------------
1490:----------------
1520:GCTGCGGCTGGATCACC
!412:---------------
1357
1490
1519
1412
1357
1490
1536
1412
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Conclusion
      In this study we investigated gene expression of Japanese fiounder that
triggered by bacterial whole cell vaccine using Japanese flounder cDNA chips
available in our laboratory. Two bacterial strains have been used due to they are major
pathogenic bacteria in this fish. Result from microarray analysis in chapter II showed
a divergent of expression pattern activated by S. inlae and E. tarda vaccine. This
observation implied that activation by the different bacteria triggered different
signaling pathways. The majority ofgenes expressed in response ofE. tarda vaccine
could be annotate which provide a chance to picture the immune response during
early stage after fish exposed E. tarda vaccine. The immune related gene which up-
regulated by E. tarda vaccine including gene involve in antigen processing activities
(MHC class II subunits, MHC class I subunits, TAP protein, proteasome subunits),
complement components and related factor, immunoglobulin D, NK-lysin, and also
some chemokines. In the other hand, majority of genes expressed in response of S.
iniae vaccine are largely unlmown which prevent us to draw out the overview of
stimulation affect.
      After increased the cut off value (from 2 to 10) for microarray analysis in
order to limit the number ofgenes up-regulated, 19 genes were selected. Eight ofthe
19 genes, which immediately induced by S. iniae, were speculated that their gene
products play an important role in the S. iniae vaccine protection. The confirniation of
microarray assay using conventional RT-PCR showed the apparent expression of 3
chosen genes strongly response to S. iniae vaccine but no expression or low
expression when stlmulant was E. tarda. This is interesting. Further characterizatien
might uncover the function ofthese genes.
      In chapter III, we constructed two genomic Iibraries to identify S. iniae genes.
The result shows that our study provides new information of gene related to virulence
factors and a number of surface proteins which are critical in both pathogenesis and
host-bacteria interaction of S. iniae. Further approaches are needed to verify the roles
of the genes identified.
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